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Check Description # Modules

Pre-Chapter Items 4

Last fou r Appendix Items 4

Chapters 1 to 5 27

Review Materials for 1 to 5 1

Chapters 6 to 9 17

Review Materials for 6 to 9 1

Chapters 10 to 16 30

Review Materials for 10 to 16 1

Chapters 17 to 21 17

Review Materials for 17 to 21 1

Chapters 22 to 24 11

Review Materials for 22 to 24 1

First three Appendix Items 3

N/A Total Modules 118

Table 0.1 A check off list for the textbook
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=�QOAN��-=IA�PDAI�

[ #LL<2KBPS=NA<$KSJHK=@

[ #LL<2KQN?A<#K@A<&EHAO

6EPDEJ�PDA�#LL�2KQN?A�#K@A�&EHAO�BKH@AN��?NA=PA�=�OQ>
BKH@AN�J=IA@�

[ #KILEHAN<3AOP

3K�DAHL�UKQ�GAAL�\HAO�KNC=JEVA@��UKQ�SEHH�S=JP�PK�?NA=PA�KPDAN�OQ>
BKH@ANO�BKN�OPKNEJC

OKQN?A�?K@A�\HAO��6A�OQCCAOP�UKQ�?NA=PA�=P�HA=OP�PSK�KPDAN�OQ>
BKH@AN�PK�>A�QOA@�SEPD

PDA�IK@QHAO��6EPDEJ�PDA�#LL�2KQN?A�#K@A�&EHAO��?NA=PA�OQ>
BKH@ANO�J=IA@�

[ $AIK</NKCN=IO

[ ,KJEPKN<(A=@AN

�8NA<G<BA������9B?78E

!�J=IA@�=NA=�BKN�OPKN=CA�KB�@K?QIAJPO�KN�KPDAN�\HAO�KJ�=�@EOG�@NERA�KN�]=OD�@NERA�

�8NA<G<BA������FBHE68�6B78

!JU�?KHHA?PEKJ�KB�OP=PAIAJPO�KN�@A?H=N=PEKJO�SNEPPAJ�EJ�OKIA�DQI=J
NA=@=>HA

?KILQPAN�LNKCN=IIEJC�H=JCQ=CA�
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��������"8GG<A:�G;8�+B9GJ4E8

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�BQHH�RANOEKJ�KB�PDA�OKBPS=NA�EO�J=IA@��$AR
#�������>AP=�������������	������,"	�SEPD

,EJCS�'##��������8KQ�?=J�AEPDAN�@KSJHK=@�EP�BNKI�"HKK@ODA@�KN�@KSJHK=@�PDA

RANOEKJ�=O�KB�����������PD=P�EO�OPKNA@�KJ�PDA�#KJJATEKJO�SA>�OEPA��2PKNA�EP�EJ�PDA�#LL

2KBPS=NA�$KSJHK=@�BKH@AN�UKQ�?NA=PA@��3DA�OKBPS=NA�EO�=LLNKTEI=PAHU�����,"�=J@�SEHH

P=GA�OARAN=H�IEJQPAO�PK�@KSJHK=@�EB�UKQ�=NA�QOEJC�=�@E=H
QL�IK@AI�?KJJA?PEKJ�

Tip
The software has not signifcantly changed since 2007 and the

Connexions version will be sufficient for most users. The Bloodshed

link requires some additional na vigation to get to the software

download. Thus, because it is signifcantly easier, we recommend that

you download the software from the Connections web site.

+EJG�PK�"HKK@ODA@�DPPL���SSS�>HKK@ODA@�JAP�@AR�@AR?LL�DPIH

$KSJHK=@�BNKI�DANA�

� devcpp-4.9.9.2�setup.exe(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5281/
media/devcpp-4.9.9.2_setup.exe)

��������"8GG<A:�4��		�+BHE68��B78�!<?8

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+EOPA@�>AHKS�EO�=�#���OKQN?A�?K@A�\HA�PEPHA@��#KILEHAN�3AOP�?LL�`P�D=O�>AAJ�LNAL=NA@

BKN�#KJJATEKJO�SA>�@AHERANU��$KSJHK=@�=J@�OPKNA�EP�EJ�PDA�#KILEHAN�3AOP�OQ>
BKH@AN

UKQ�?NA=PA@��8KQ�I=U�JAA@�PK�NECDP�?HE?G�KJ�PDA�HEJG�=J@�OAHA?P��2=RA�3=NCAP�!O��EJ

KN@AN�PK�@KSJHK=@�PDA�\HA�

$KSJHK=@�BNKI�DANA�

� Compiler�Test.cpp(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5282/media/
Compiler_Test.cpp.txt)

������QAFG4??4G<BA�QAFGEH6G<BAF�9BE��?BB7F;87��8I��		��

6B@C<?8E
Q� 

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�5ANOEKJ���SDE?D�EO�SAHH�PAOPA@��@KJ�P�HAP�PDA�>AP=�NAHA=OA�O?=NA�UKQ	�=J@�ODKQH@

SKNG�KJ�=�R=NEAPU�KB�I=?DEJAO�=J@�R=NEKQO�,E?NKOKBP�.LAN=PEJC�OUOPAIO�EJ?HQ@EJC

6EJ@KSO�����6EJ@KSO�������6EJ@KSO�7/�=J@�6EJ@KSO�5EOP=��"AHKS�=NA�EJOP=HH=PEKJ

EJOPNQ?PEKJO�BKN�EJOP=HHEJC�EP�KJ�=�I=?DEJA�KN�EJOP=HHEJC�EP�KJ�=�]=OD�@NERA��6A�@KJ�P

OQCCAOP�PNUEJC�PK�OSEP?D�>APSAAJ�PDA�I=?DEJA�@NERA�=J@�]=OD�@NERA��`B�EP�EO�EJOP=HHA@�KJ

PDA�I=?DEJA�@NERA�=J@�UKQ�PNU�EJOP=HHEJC�EP�KJ�=�]=OD�@NERA��EP�?NA=PAO�LNK>HAIO�=J@�SEHH
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JKP�SKNG�LANLANHU��%EPDAN�EJOP=HH�EP�KJ�PDA�]=OD�@NERA�PK�C=EJ�UKQN�LKNP=>EHEPU�KN�EJOP=HH�EP

KJ�UKQN�I=?DEJA�

���������B@CHG8E�QAFG4??4G<BA�QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�� -=REC=PA�PK�PDA�#LL�2KBPS=NA�$KSJHK=@�BKH@AN�=J@�NQJ�PDA78I6CC��������

F8GHC�8K8OKBPS=NA�>U�@KQ>HA�?HEGEJC�KJ�PDA�\HAJ=IA�

�� 4OA�?KIIKJ�OAJOA�=J@�=JOSAN�PDA�EJOP=HH=PEKJ�LNKILPO��-.3%�3(%�&.++.6`-'

36.�`3%,2�

�� 6DAJ�EP�CAPO�PK�PDA��#DKKOA�`JOP=HH�+K?=PEKJ��QOA�PDA�@AB=QHP�OKBPS=NA�HK?=PEKJ�KB�

��2�8I��CC2 �KN�OAHA?P�PDA�HK?=PEKJ�UKQ�S=JP�PK�OPKNA�PDA�EJOP=HHA@�LNKCN=I�>QP

QOA�PDA�@AB=QHP�QJHAOO�UKQ�=NA�B=IEHE=N�SEPD�EJOP=HHEJC�OKBPS=NA	�

�� 6DAJ�EP�=OGO���$K�UKQ�S=JP�PK�EJOP=HH�$AR�#���BKN�=HH�QOANO�KJ�PDEO�?KILQPAN��

=JOSAN��8AO��

�� !BPAN�EP�EJOP=HHO��EP�SEHH�=OG�OKIA��\NOP�PEIA�?KJBCQN=PEKJ��MQAOPEKJO��!C=EJ��QOA

?KIIKJ�OAJOA�=J@�=JOSAN�PDA�MQAOPEKJO��-.3%�3(%�&.++.6`-'�`3%,�

�� !JOSAN��-K��PK�PDA�NAPNEARA�EJBKNI=PEKJ�BNKI�DA=@AN�\HAO�

�� `P�SEHH�OP=NP�UKQN�?KILEHAN�`$%�SEPD�=��3EL�KB�PDA�@=U���6A�OQCCAOP�UKQ�?DA?G�PDA

>KT�EJ�PDA�HKSAN�HABP�=J@�OAHA?P��#HKOA��

�� #HKOA�UKQN�?KILEHAN�`$%�>U�QOEJC�PDA�JKNI=H�NA@��7��>KT��6A�S=JP�PK�ODKS�UKQ

DKS�PK�OP=NP�UKQN�?KILEHHAN�JKNI=HHU�

�� 8KQ�OP=NP�UKQN�?KILEHAN�OKBPS=NA�OEIEH=N�PK�OP=NPEJC�=JU�OKBPS=NA�HK=@A@�KJ�UKQN

I=?DEJA���2P=NP��PDAJ��!HH�/NKCN=IO��PDAJ��"HKK@ODA@�$AR
#����PDAJ��$AR
#���	�

��� .J�PDA�IAJQO�=P�PDA�PKL�2AHA?P��&EHA��PDAJ��.LAJ�LNKFA?P�KN�\HA��PDAJ�J=REC=PA�PK

SDANA�UKQN�OKQN?A�?K@A�\HA��#KILEHAN�3AOP�?LL	�EO�OPKNA@�KJ�UKQN�D=N@�@NERA��2AA

PDA�OQCCAOPA@�BKH@AN�J=IA�=>KRA��2AHA?P�PDA�OKQN?A�?K@A�\HA�=J@�KLAJ�EP�

��� 8KQ�ODKQH@�OAA�PDA�OKQN?A�?K@A�HEOPEJC��/NAOO�&��GAU�KN�OAHA?P�PDA��%TA?QPA��PDAJ

�#KILEHA���1QJ��BNKI�PDA�IAJQO�=P�PDA�PKL��!�>H=?G�O?NAAJ�>KT�ODKQH@�=LLA=N

=J@�UKQ�=JOSAN�MQAOPEKJO�=LLNKLNE=PAHU�PK�NQJ�PDA�LNKCN=I��6DAJ�UKQ�=NA�@KJA

NQJJEJC�UKQN�LNKCN=I�PDA�>H=?G�O?NAAJ�>KT�CKAO�=S=U�

��������!?4F;��E<I8�QAFG4??4G<BA�QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�� -=REC=PA�PK�PDA�#LL�2KBPS=NA�$KSJHK=@�BKH@AN�=J@�NQJ�PDA78I6CC��������

F8GHC�8K8OKBPS=NA�>U�@KQ>HA�?HEGEJC�KJ�PDA�\HAJ=IA�

�� 4OA�?KIIKJ�OAJOA�=J@�=JOSAN�PDA�EJOP=HH=PEKJ�LNKILPO��-.3%�3(%�&.++.6`-'

36.�`3%,2�

�� 6DAJ�EP�CAPO�PK�PDA��#DKKOA�`JOP=HH�+K?=PEKJ��UKQ�?=J�OAA�PD=P�PDA�@AB=QHP

OKBPS=NA�HK?=PEKJ�KB���2�8I��CC2 DKSARAN��EP�JAA@O�PK�>A�?D=JCA@��#D=JCA�PDA

�$AOPEJ=PEKJ�$ENA?PKNU��>U�OAHA?PEJC�?D=JCEJC�PDA�@AB=QHP�OKBPS=NA�HK?=PEKJ�BNKI�

��2�8I��CC2 PK�E<I8%8GG8E�2�8I��CC2 �SDANA�PDA�E<I8%8GG8EEO�PDA�@NERA�PD=P

NALNAOAJPO�UKQN�]=OD�@NERA	�

�� 6DAJ�EP�=OGO���$K�UKQ�S=JP�PK�EJOP=HH�$AR�#���BKN�=HH�QOANO�KJ�PDEO�?KILQPAN��

=JOSAN��-K��
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�� !BPAN�EP�EJOP=HHO��EP�SEHH�=OG�OKIA��\NOP�PEIA�?KJBCQN=PEKJ��MQAOPEKJO��!C=EJ��QOA

?KIIKJ�OAJOA�=J@�=JOSAN�PDA�MQAOPEKJO��-.3%�3(%�&.++.6`-'�`3%,�

�� !JOSAN��-K��PK�PDA�NAPNEARA�EJBKNI=PEKJ�BNKI�DA=@AN�\HAO�

�� `P�SEHH�OP=NP�UKQN�?KILEHAN�`$%�SEPD�=��3EL�KB�PDA�@=U���6A�OQCCAOP�UKQ�?DA?G�PDA

>KT�EJ�PDA�HKSAN�HABP�=J@�OAHA?P��#HKOA��

�� #HKOA�UKQN�?KILEHAN�`$%�>U�QOEJC�PDA�JKNI=H�NA@��7��>KT��6A�S=JP�PK�ODKS�UKQ

DKS�PK�OP=NP�UKQN�?KILEHHAN�JKNI=HHU�

�� 3K�OP=NP�UKQN�?KILEHAN�OKBPS=NA�UKQ�J=REC=PA�PK�PDA��$AR
#LL��BKH@AN�KJ�UKQN

]=OD�@NERA�=J@�OAHA?P�PDA��@AR?LL�ATA��=LLHE?=PEKJ��-.3%��6DAJ�QOEJC�PDA�]=OD

@NERA�UKQ�ODKQH@�JKP�PNU�OP=NPEJC�PDA�?KILEHAN�>U�@KQ>HA�?HE?GEJC�KJ�=�#���OKQN?A

?K@A�\HA��3DEO�IAPDK@�SKNGO�KJ�=�I=?DEJA�EJOP=HH=PEKJ�>QP�@KAO�JKP�SKNG�KJ�=

]=OD�@NERA�EJOP=HH=PEKJ�

��� .J�PDA�IAJQO�=P�PDA�PKL�2AHA?P��&EHA��PDAJ��.LAJ�LNKFA?P�KN�\HA��PDAJ�J=REC=PA�PK

SDANA�UKQN�OKQN?A�?K@A�\HA��#KILEHAN�3AOP�?LL	�EO�OPKNA@�KJ�UKQN�]=OD�@NERA��2AA

PDA�OQCCAOPA@�BKH@AN�J=IA�=>KRA��2AHA?P�PDA�OKQN?A�?K@A�\HA�=J@�KLAJ�EP�

��� 8KQ�ODKQH@�OAA�PDA�OKQN?A�?K@A�HEOPEJC��/NAOO�&��GAU�KN�OAHA?P�PDA��%TA?QPA��PDAJ

�#KILEHA���1QJ��BNKI�PDA�IAJQO�=P�PDA�PKL��!�>H=?G�O?NAAJ�>KT�ODKQH@�=LLA=N

=J@�UKQ�=JOSAN�MQAOPEKJO�=LLNKLNE=PAHU�PK�NQJ�PDA�LNKCN=I��6DAJ�UKQ�=NA�@KJA

NQJJEJC�UKQN�LNKCN=I�PDA�>H=?G�O?NAAJ�>KT�CKAO�=S=U�

����&B7H?4E<M4G<BA�4A7��		�)EB:E4@�%4LBHG

�������BA68CG�B9�&B7H?4E<M4G<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

.JA�KB�PDA�IKOP�EILKNP=JP�?KJ?ALPO�KB�LNKCN=IIEJC�EO�PDA�=>EHEPU�PK�CNKQL�OKIA�HEJAO

KB�?K@A�EJPK�=�QJEP�PD=P�?=J�>A�EJ?HQ@A@�EJ�KQN�LNKCN=I��3DA�KNECEJ=H�SKN@EJC�BKN�PDEO

S=O�=�OQ>
LNKCN=I��.PDAN�J=IAO�EJ?HQ@A��I=?NK��OQ>
NKQPEJA��LNK?A@QNA��IK@QHA�=J@

BQJ?PEKJ��6A�=NA�CKEJC�PK�QOA�PDA�PANI�BQJ?PEKJ�BKN�PD=P�EO�SD=P�PDAU�=NA�?=HHA@�EJ�PDA

PSK�LNA@KIEJ=JP�LNKCN=IIEJC�H=JCQ=CAO�KB�PK@=U��#���=J@�)=R=��&QJ?PEKJO�=NA

EILKNP=JP�>A?=QOA�PDAU�=HHKS�QO�PK�P=GA�H=NCA�?KILHE?=PA@�LNKCN=IO�=J@�PK�@ERE@A

PDAI�EJPK�OI=HHAN�I=J=CA=>HA�LEA?AO��"A?=QOA�PDA�BQJ?PEKJ�EO�=�OI=HHAN�LEA?A�KB�PDA

KRAN=HH�LNKCN=I��SA�?=J�?KJ?AJPN=PA�KJ�SD=P�SA�S=JP�EP�PK�@K�=J@�PAOP�EP�PK�I=GA�OQNA

EP�SKNGO�LNKLANHU��'AJAN=HHU�BQJ?PEKJO�B=HH�EJPK�PSK�?=PACKNEAO�

�� )EB:E4@��BAGEB?
&QJ?PEKJO�QOA@�PK�OEILHU�OQ>�@ERE@A�=J@�?KJPNKH�PDA�LNKCN=I�

3DAOA�BQJ?PEKJO�=NA�QJEMQA�PK�PDA�LNKCN=I�>AEJC�SNEPPAJ��.PDAN�LNKCN=IO�I=U

QOA�OEIEH=N�BQJ?PEKJO�I=U>A�ARAJ�BQJ?PEKJO�SEPD�PDA�O=IA�J=IA��>QP�PDA�?KJPAJP

KB�PDA�BQJ?PEKJO�=NA�=HIKOP�=HS=UO�RANU�@E_ANAJP�

�� +C86<96�,4F>
&QJ?PEKJO�@AOECJA@�PK�>A�QOA@�SEPD�OARAN=H�LNKCN=IO��3DAOA

BQJ?PEKJO�LANBKNI�=�OLA?E\?�P=OG�=J@�PDQO�=NA�QOA=>HA�EJ�I=JU�@E_ANAJP

LNKCN=IO�>A?=QOA�PDA�KPDAN�LNKCN=IO�=HOK�JAA@�PK�@K�PDA�OLA?E\?�P=OG��2LA?EB?

P=OG�BQJ?PEKJO�=NA�OKIAPEIAO�NABANNA@�PK�=O�>QEH@EJC�>HK?GO��"A?=QOA�PDAU�=NA

=HNA=@U�?K@A@�=J@�PAOPA@��SA�?=J�QOA�PDAI�SEPD�?KJB@AJ?A�PK�IKNA�AB?EAJPHU

SNEPA�=�H=NCA�LNKCN=I�
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3DA�I=EJ�LNKCN=I�IQOP�AOP=>HEOD�PDA�ATEOPAJ?A�KB�BQJ?PEKJO�QOA@�EJ�PD=P�LNKCN=I�

$ALAJ@EJC�KJ�PDA�LNKCN=IIEJC�H=JCQ=CA��PDANA�EO�=�BKNI=H�S=U�PK�

�� @A\JA�=�BQJ?PEKJ��EP�O78NA<G<BAKN�PDA�?K@A�EP�SEHH�ATA?QPA	

�� 64??=�BQJ?PEKJ

�� @A?H=NA�=�BQJ?PEKJ��=CEBGBGLC8EO�=�@A?H=N=PEKJ�PK�=�?KILHEAN	

/NKCN=I�#KJPNKH�BQJ?PEKJO�JKNI=HHU�@K�JKP�?KIIQJE?=PA�EJBKNI=PEKJ�PK�A=?D�KPDAN

>QP�QOA�=�?KIIKJ�=NA=�BKN�R=NE=>HA�OPKN=CA��2LA?EB?�3=OG�BQJ?PEKJO�=NA�?KJOPNQ?PA@�OK

PD=P�@=P=�?=J�>A�?KIIQJE?=PA@�>APSAAJ�PDA�?=HHEJC�LNKCN=I�LEA?A��SDE?D�EO�QOQ=HHU

=JKPDAN�BQJ?PEKJ	�=J@�PDA�BQJ?PEKJ�>AEJC�?=HHA@��3DEO�=>EHEPU�PK�?KIIQJE?=PA�@=P=�EO

SD=P�=HHKSO�QO�PK�>QEH@�=�OLA?E\?�P=OG�BQJ?PEKJ�PD=P�I=U�>A�QOA@�EJ�I=JU�LNKCN=IO�

3DA�NQHAO�BKN�DKS�PDA�@=P=�EO�?KIIQJE?=PA@�EJ�=J@�KQP�KB�=�BQJ?PEKJ�R=NU�CNA=PHU�>U

LNKCN=IIEJC�H=JCQ=CA��>QP�PDA�?KJ?ALP�EO�PDA�O=IA��3DA�@=P=�EPAIO�L=OOA@��KN

?KIIQJE?=PA@	�=NA�?=HHA@�L=N=IAPANO��3DQO�PDA�SKN@EJC�C4E4@8G8E�C4FF<A:��3DA

BKQN�@=P=�?KIIQJE?=PEKJ�KLPEKJO�EJ?HQ@A�

�� JK�?KIIQJE?=PEKJ�EJ�SEPD�JK�?KIIQJE?=PEKJ�KQP

�� OKIA�?KIIQJE?=PEKJ�EJ�SEPD�JK�?KIIQJE?=PEKJ�KQP

�� OKIA�?KIIQJE?=PEKJ�EJ�SEPD�OKIA�?KIIQJE?=PEKJ�KQP

�� JK�?KIIQJE?=PEKJ�EJ�SEPD�OKIA�?KIIQJE?=PEKJ�KQP

������QAGEB7H6G<BA�B9�!HA6G<BAF�J<G;<A��		

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6A�=NA�CKEJC�PK�?KJOE@AN�=�OEILHA�LNKCN=I�PD=P�IECDP�>A�QOA@�BKN�PAOPEJC�=�?KILEHAN

PK�I=GA�OQNA�PD=P�EP�EO�EJOP=HHA@�?KNNA?PHU�

 K4@C?8���B@C<?8E�,8FG�6CC�FBHE68�6B78

//******************************************************

// Filename: Compiler Test.cpp

// Purpose: Average the ages of two people

// Author: Ken Busbee; © Kenneth Leroy Busbee

// Date: Jan 5, 2009

// Comment: Main idea is to be able to

// debug and run a program on your compiler.

//******************************************************

// Headers and Other Technical Items

#include <iostream>

using namespace std;

// Function Prototypes

void pause(void);

// Variables
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int agel;

int age2;

double answer;

//******************************************************

// main

//******************************************************

int main(void)

{

// Input

cout Ç "\nEnter the age of the first person --->:

"; cin È agel;

cout Ç "\nEnter the age of the second person -->:

"; cin È age2;

// Process

answer = (agel + age2) 1 2.0;

// Output

cout Ç "\nThe average of their ages is -------->: ";

cout Ç answer;

pause();

return 0;

}

//******************************************************

// pause

//******************************************************

void pause(void)

{

cout Ç "\n\n";

system("PAUSE");

cout Ç "\n\n";

return;

}

//******************************************************

// End of Program

//******************************************************

3DEO�LNKCN=I�D=O�PSK�BQJ?PEKJO��KJA�BNKI�A=?D�KB�KQN�?=PACKNEAO��3DA�PA?DJE?=H�H=UKQP

KB�BQJ?PEKJO�=NA�PDA�O=IA��EP�EO�KQN�@EOPEJ?PEKJ�PD=P�?NA=PAO�PDA�PSK�?=PACKNEAO�>=OA@�KJ

DKS�=�BQJ?PEKJ�EO�>AEJC�EILHAIAJPA@�
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��������)EB:E4@��BAGEB?�!HA6G<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�I=EJ�LNKCN=I�LEA?A�EJ�#���LNKCN=I�EO�=�OLA?E=H�BQJ?PEKJ�SEPD�PDA<78AG<N8E

A4@8 KB�I=EJ��3DA�OLA?E=H�KN�QJEMQAJAOO�KB�I=EJ�=O�=�BQJ?PEKJ�EO�PD=P�PDEO�EO�SDANA

PDA�LNKCN=I�OP=NPO�ATA?QPEJC�?K@A�=J@�PDEO�EO�SDANA�EP�QOQ=HHU�OPKLO�ATA?QPEJC�?K@A��`P

EO�QOQ=HHU�PDA�\NOP�BQJ?PEKJ�@A\JA@�EJ�=�LNKCN=I�=J@�=LLA=NO�=BPAN�PDA�=NA=�QOA@�BKN

EJ?HQ@AO��KPDAN�PA?DJE?=H�EPAIO��@A?H=N=PEKJ�KB�LNKPKPULAO��PDA�HEOPEJC�KB�CHK>=H

?KJOP=JPO�=J@�R=NE=>HAO�=J@�=JU�KPDAN�EPAIO�CAJAN=HHU�JAA@A@�>U�PDA�LNKCN=I��3DA

?K@A�PK�@A\JA�PDA�BQJ?PEKJ�I=EJ�EO�LNKRE@A@��DKSARAN��EP�EO�JKP�LNKPKPULA@�KN�QOQ=HHU

?=HHA@�HEGA�KPDAN�BQJ?PEKJO�SEPDEJ�=�LNKCN=I��`J�PDEO�OEILHA�AT=ILHA��PDANA�=NA�JK

KPDAN�LNKCN=I�?KJPNKH�BQJ?PEKJO�

��������+C86<96�,4F>�!HA6G<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6A�KBPAJ�D=RA�PDA�JAA@�PK�LANBKNI�=�OLA?E\?�P=OG�PD=P�IECDP�>A�QOA@�EJ�I=JU

LNKCN=IO��`J�PDA�#KILEHA�3AOP�?LL�OKQN?A�?K@A�=>KRA�SA�D=RA�OQ?D�=�P=OG�PD=P�EO�QOA@

PK�OPKL�PDA�ATA?QPEKJ�KB�PDA�?K@A�QJPEH�PDA�QOAN�DEPO�PDA�AJPAN�GAU��3DA�BQJ?PEKJO�J=IA

EO��L=QOA��3DEO�BQJ?PEKJ�EO�JKP�?KIIQJE?=PEJC�=JU�EJBKNI=PEKJ�>APSAAJ�PDA�?=HHEJC

BQJ?PEKJ�=J@�EPOAHB��PDQO�PDA�QOA�KB�PDA�@=P=�PULA�RKE@�

 K4@C?8��:8A8E4?�?4LBHG�B9�4�9HA6G<BA

<return value data type> function identifier name(<data

type><identifier name for input value>)

{

lines of code;

return <value>;

}

3DANA�EO�JK�OAIE
?KHKJ�=BPAN�PDA�\NOP�HEJA��2AIE
?KHKJO�=NA�QOA@�=P�PDA�AJ@�KB�=

OP=PAIAJP�EJ�#����>QP�JKP�KJ�PDA�\NOP�HEJA�SDAJ�@ABJEJC�=�BQJ?PEKJ��&QJ?PEKJO�D=RA�=

OAP�KB5E468FWY�QOA@�BKN�E@AJPEBUEJC�=�CNKQL�KN�>HK?G�KB�OP=PAIAJPO�KN�HEJAO�KB�?K@A�

3DANA�=NA�JKNI=HHU�OARAN=H�HEJAO�KB�?K@A�SEPDEJ�=�BQJ?PEKJ��+EJAO�KB�?K@A�?KJP=EJEJC�PDA

EJOPNQ?PEKJO�AJ@�EJ�=�OAIE
?KHKJ��#=J�UKQ�E@AJPEBU�PDA�@A\JEPEKJ�KB�PDA�L=QOA�BQJ?PEKJ

EJ�PDA�=>KRA�LNKCN=I�AT=ILHA��3DA�L=QOA�BQJ?PEKJ�@A\JEPEKJ�EO�=BPAN�PDA�BQJ?PEKJ

I=EJ��3DKQCD�JKP�PA?DJE?=HHU�NAMQENA@��IKOP�LNKCN=IO�HEOP�=HH�BQJ?PEKJO��LNKCN=I

?KJPNKH�KN�OLA?E\?�P=OG	�=BPAN�PDA�BQJ?PEKJ�I=EJ�

+AP�O�E@AJPEBU�PDA�HK?=PEKJ�SDANA�PDA�BQJ?PEKJ�L=QOA�EO�?=HHA@��3DA�?=HHEJC�BQJ?PEKJ�EO�PDA

BQJ?PEKJ�I=EJ�=J@�EP�PKS=N@O�PDA�AJ@�KB�PDA�BQJ?PEKJ��3DA�HEJA�HKKGO�HEGA�
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pause();

6DAJ�UKQ�?=HH�=�BQJ?PEKJ�UKQ�QOA�EPO�E@AJPE\AN�J=IA�=J@�=�OAP�KB�L=NAJPDAOAO��8KQ

LH=?A�=JU�@=P=�EPAIO�UKQ�=NA�L=OOEJC�EJOE@A�PDA�L=NAJPDAOAO��=J@�EJ�KQN�AT=ILHA

PDANA�=NA�JKJA��!�OAIE
?KHKJ�AJ@O�PDA�OP=PAIAJP�KN�HEJA�KB�?K@A��!BPAN�KQN�LNKCN=I�EO

?KILEHA@�=J@�NQJJEJC��PDA�HEJAO�KB�?K@A�EJ�PDA�BQJ?PEKJ�I=EJ�=NA�ATA?QPA@�=J@�SDAJ�EP

CAPO�PK�PDA�?=HHEJC�KB�PDA�L=QOA�BQJ?PEKJ��PDA�?KJPNKH�KB�PDA�LNKCN=I�IKRAO�PK�PDA

L=QOA�BQJ?PEKJ�=J@�OP=NPO�ATA?QPEJC�PDA�HEJAO�KB�?K@A�EJ�PDA�L=QOA�BQJ?PEKJ��6DAJ�EP�O

@KJA�SEPD�PDA�HEJAO�KB�?K@A��EP�SEHH�NAPQNJ�PK�PDA�LH=?A�EJ�PDA�LNKCN=I�PD=P�?=HHA@�EP��EJ

KQN�AT=ILHA�PDA�BQJ?PEKJ�I=EJ	�=J@�?KJPEJQA�SEPD�PDA�?K@A�EJ�PD=P�BQJ?PEKJ�

.J?A�SA�GJKS�DKS�PK�@A\JA�=�BQJ?PEKJ�=J@�DKS�PK�?=HH�=�BQJ?PEKJ��SA�QOQ=HHU�SEHH

JAA@�PK�GJKS�DKS�PK�@A?H=NA�=�BQJ?PEKJ�PK�PDA�?KILEHAN��?=HHA@�=�LNKPKPULA	��"A?=QOA

KB�JKNI=H�?KILQPAN�LNKCN=IIEJC�EJ@QOPNU�OP=J@=N@O��LNKCN=IIANO�QOQ=HHU�HEOP�PDA

BQJ?PEKJ�I=EJ�\NOP�SEPD�KPDAN�BQJ?PEKJO�@A\JA@�=BPAN�EP��3DAJ�OKIASDANA�EJ�PDA

BQJ?PEKJ�I=EJ��SA�SEHH�?=HH�=�BQJ?PEKJ��6DAJ�SA�?KJRANP�KQN�OKQN?A�?K@A�LNKCN=I�PK�=J

ATA?QP=>HA�RANOEKJ�BKN�NQJJEJC�KJ�KQN�?KILQPAN��PDA�\NOP�OPAL�KB�PDA�LNK?AOO�EO

?KILEHEJC��3DA�?KILEHAN�LNKCN=I�@AI=J@O�PK�GJKS�SD=P�PDA�?KIIQJE?=PEKJ�SEHH�>A

>APSAAJ�PSK�BQJ?PEKJO�SDAJ�=�BQJ?PEKJ�EO�?=HHA@��`P�SEHH�GJKS�PDA�?KIIQJE?=PEKJ

�SD=P�CKEJC�EJ�=J@�KQP�=O�L=N=IAPANO	�EB�PDA�BQJ?PEKJ�>AEJC�?=HHA@�D=O�>AAJ�@A\JA@�

"QP��SA�D=RA�JKP�@A\JA@�PD=P�BQJ?PEKJ�UAP��EP�EO�@A\JA@�=BPAN�PDA�BQJ?PEKJ�I=EJ��3K

OKHRA�PDEO�LNK>HAI��SA�ODKS�PDA�?KILEHAN�=�LNKPKPULA�KB�SD=P�PDA�BQJ?PEKJ�SEHH�HKKG

HEGA��=P�HA=OP�PDA�?KIIQJE?=PEKJ�BA=PQNAO�KB�PDA�BQJ?PEKJ	�SDAJ�SA�@A\JA�EP�

void pause(void);

3DEO�HEJA�KB�?K@A�HKKGO�AT=?PHU�HEGA�PDA�\NOP�HEJA�EJ�KQN�BQJ?PEKJ�@A\JEPEKJ�SEPD�KJA

EILKNP=JP�=@@EPEKJ�KB�=�OAIE
?KHKJ��/NKPKPULAO��KN�@A?H=N=PEKJO�PK�PDA�?KILEHAN�KB�PDA

?KIIQJE?=PEKJO�KB�=�BQJ?PEKJ�JKP�UAP�@A\JA@	�=NA�LH=?A@�JA=N�PDA�PKL�KB�PDA�LNKCN=I

>ABKNA�PDA�BQJ?PEKJ�I=EJ�+H@@4EL�6BA68CG��Q9�LBH�64??�4�9HA6G<BA�589BE8�<G�<F

78NA87�LBH�@HFG�CEBGBGLC8�<G�589BE8�<G�<F�64??87��+KKGEJC�=P�KQN�HEOP�KB�PDA�PDNAA

PDEJCO�UKQ�@K�EJ�?KJFQJ?PEKJ�SEPD�=�BQJ?PEKJ�EJ�PDA�KN@AN�PD=P�PDAU�JKNI=HHU�=LLA=N�EJ

=�LNKCN=I��PDANA�EO�=�BKNI=H�S=U�PK�

�� @A?H=NA�=�BQJ?PEKJ��=�LNKPKPULA�EO�=�?KIIQJE?=PEKJO�@A?H=N=PEKJ�PK�=�?KILHEAN	

�� ?=HH�=�BQJ?PEKJ

�� @A\JA�=�BQJ?PEKJ

�������		�)EB:E4@�%4LBHG

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

&NKI�PDA�=>KRA�AT=ILHA��UKQ�?=J�OAA�PD=P�����KB�PDA�LNKCN=I�EO�PDA�PSK�BQJ?PEKJO�

,KOP�#���LNKCN=IO�D=RA�OARAN=H�EPAIO�>ABKNA�PDA�BQJ?PEKJ�I=EJ��!O�EJ�PDA�AT=ILHA�

PDAU�KBPAJ�=NA�

14

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


�� $K?QIAJP=PEKJ�,KOP�LNKCN=IO�D=RA�=�?KIIAJP�=NA=�=P�PDA�OP=NP�KB�PDA�LNKCN=I

SEPD�=�R=NEAPU�KB�?KIIAJPO�LANPEJAJP�PK�PDA�LNKCN=I��!JU�HEJA�OP=NPEJC�SEPD�PSK

OH=ODAO����EO�=�?KIIAJP�=J@�PDA�?KILEHAN�OKBPS=NA�@EONAC=N@O�ARANUPDEJC�BNKI

PDA����PK�PDA�AJ@�KB�PDA�HEJA�

�� EJ?HQ@A�EKOPNA=I��3DEO�HEJA�KB�?K@A�EJOANPO�=�\HA�EJPK�PDA�OKQN?A�?K@A��3DA�\HA

?KJP=EJO�JA?AOO=NU�?K@A�PK�>A�=>HA�PK�@K�OEILHA�EJLQP�=J@�KQPLQP�

�� QOEJC�J=IAOL=?A�OP@�3DA�#���?KILEHAN�D=O�=J�=NA=�SDANA�EP�GAALO�PDA�E@AJPE\AN

J=IAO�QOA@�EJ�=�LNKCN=I�KNC=JEVA@�=J@�EP�EO�?=HHA@�=�J=IAOL=?A��3DANA�EO�=

J=IAOL=?A�?NA=PA@�EJ�?KJFQJ?PEKJ�SEPD�PDA�EKOPNA=I�\HA�?=HHA@��OP@��3DEO�HEJA

EJBKNIO�PDA�?KILEHAN�PK�QOA�PDA�J=IAOL=?A�OP@�SDANA�PDA�E@AJPE\AN�J=IAO�EJ�PDA

EKOPNA=I�=NA�AOP=>HEODA@�

�� &QJ?PEKJ�LNKPKPULAO�D=RA�=HNA=@U�>AAJ�ATLH=EJA@�

�� 6A�JAA@�OKIA�R=NE=>HAO��OPKN=CA�=NA=O	�BKN�PDEO�LNKCN=I�PK�SKNG��3DAU�=NA

@A\JA@�JATP�

�������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA������@B7H?4E<M4G<BA

3DA�=>EHEPU�PK�CNKQL�OKIA�HEJAO�KB�?K@A�EJPK�=�QJEP�PD=P�?=J�>A�EJ?HQ@A@�EJ�KQN

LNKCN=I�

�8NA<G<BA�������9HA6G<BA

6D=P�IK@QHAO�=NA�?=HHA@�EJ�PDA�PSK�LNA@KIEJ=JP�LNKCN=IIEJC�H=JCQ=CAO�KB�PK@=U�

#���=J@�)=R=�

�8NA<G<BA�������CEB:E4@�6BAGEB?

&QJ?PEKJO�QOA@�PK�OEILHU�OQ>�@ERE@A�=J@�?KJPNKH�PDA�LNKCN=I�

�8NA<G<BA�������FC86<N6�G4F>

&QJ?PEKJO�@AOECJA@�PK�>A�QOA@�SEPD�OARAN=H�LNKCN=IO�

�8NA<G<BA�������C4E4@8G8E�C4FF<A:

(KS�PDA�@=P=�EO�?KIIQJE?=PA@�EJ�PK�=J@�KQP�KB�=�BQJ?PEKJ�

�8NA<G<BA�������<78AG<N8E�A4@8

3DA�J=IA�CERAJ�>U�PDA�LNKCN=IIAN�PK�E@AJPEBU�=�BQJ?PEKJ�KN�KPDAN�LNKCN=I�EPAIO

OQ?D�=O�R=NE=>HAO�

�8NA<G<BA�������9HA6G<BA�CEBGBGLC8

!�BQJ?PEKJ�O�?KIIQJE?=PEKJO�@A?H=N=PEKJ�PK�=�?KILHEAN�

�8NA<G<BA�������9HA6G<BA�64??

!�BQJ?PEKJ�O�QOEJC�KN�EJRKGEJC�KB�=JKPDAN�BQJ?PEKJ�

�8NA<G<BA�������9HA6G<BA�78NA<G<BA
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3DA�?K@A�PD=P�@ABJAO�SD=P�=�BQJ?PEKJ�@KAO�

�8NA<G<BA�������5E468F

4OA@�PK�E@AJPEBU�=�>HK?G�KB�?K@A�EJ�#���

����)E46G<68����QAGEB7H6G<BA�GB�)EB:E4@@<A:

������%84EA<A:�(5=86G<I8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6EPD������=??QN=?U�@QNEJC�=��IAIKNU�>QEH@EJC�=?PEREPU��ATAN?EOAO��H=>�=OOECJIAJP�

LNK>HAIO��KN�PEIA@�MQEV�AT=I��PDA�OPQ@AJP�EO�ATLA?PA@�PK�

�� $A\JA�PDA�PANIO�KJ�PDA�@A\JEPEKJO�=O�HEOPA@�EJ�PDA�IK@QHAO�=OOK?E=PA@�SEPD�PDEO

?D=LPAN�

�� `JOP=HH�PDA�"HKK@ODA@�$AR
#�����?KILEHAN

�� ,=GA�IEJKN�IK@EB?=PEKJO�PK�=J�ATEOPEJC�LNKCN=I

������&8@BEL��H<?7<A:��6G<I<G<8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

,"!���

����

2AA�PDA�\HA�=P��DPPL���?JT�KNC�?KJPAJP�I������H=PAOP�EJ@AT�DPIH�

�

������ K8E6<F8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

 K8E6<F8������

�AFJ8E�G;8�9B??BJ<A:�FG4G8@8AGF�4F�8<G;8E�GEH8�BE�94?F8�

�� "ACEJJEJC�LNKCN=IIANO�L=NPE?EL=PA�EJ�=HH�LD=OAO�KB�PDA�2UOPAIO�$ARAHKLIAJP

+EBA�#U?HA�

�� 3DA�"HKK@ODA@�$AR
#�����?KILEHAN�`$%�EO�PDA�LNABANNA@�?KILEHAN�BKN�PDEO

PATP>KKG�?KHHA?PEKJ��DKSARAN�=JU�#���?KILEHAN�SEHH�SKNG�

�� ,KOP�?KILEHANO�?=J�>A�EJOP=HHA@�KJ�=�]=OD�@NERA�

�� `J�=@@EPEKJ�PK�BQJ?PEKJ�=O�PDA�J=IA�KB�=�OQ>
LNKCN=I��PDA�?KILQPAN�EJ@QOPNU�=HOK

QOAO�I=?NK��LNK?A@QNA�=J@�IK@QHA�

�� 'AJAN=HHU�BQJ?PEKJO�B=HH�EJPK�PSK�?=PACKNEAO��/NKCN=I�#KJPNKH�=J@�2LA?EB?�3=OG�
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������&<F68??4A8BHF�QG8@F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

-KJA�=P�PDEO�PEIA�

������%45��FF<:A@8AG

���������E84G<A:�4�!B?78E�BE�+H5�!B?78E�9BE��;4CG8E����!<?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

`J�PDA�?KILEHAN�EJOP=HH=PEKJ�@ENA?PEKJO�UKQ�SANA�=OGA@�PK�I=GA�=�BKH@AN�J=IA@��#LL

2KQN?A�#K@A�&EHAO��!HH�KB�UKQN�H=>�=OOECJIAJPO�EJ�PDEO�?KQNOA�=OOQIA�UKQ�D=RA�PD=P

BKH@AN�KJ�PDA�O=IA�@NERA�=O�UKQN�?KILEHAN��AEPDAN�@NERA�#��UKQN�D=N@�@EOG�@NERA��KN�KJ�=

]=OD�@NERA	��`B�UKQ�@KJ�P�D=RA�PD=P�BKH@AN��CK�?NA=PA�EP�JKS�

$ALAJ@EJC�KJ�UKQN�?KILEHAN�`$%��UKQ�ODKQH@�@A?E@A�SDANA�PK�@KSJHK=@�=J@�OPKNA

OKQN?A�?K@A�\HAO�BKN�LNK?AOOEJC��/NQ@AJ?A�@E?P=PAO�PD=P�UKQ�?NA=PA�PDAOA�BKH@ANO�=O

JAA@A@�LNEKN�PK�@KSJHK=@EJC�OKQN?A�?K@A�\HAO��!�OQCCAOPA@�OQ>
BKH@AN�BKN�PDA

�?BB7F;87��8I��		���6B@C<?8E
Q� IECDP�>A�J=IA@�

[ #D=LPAN<���SEPDEJ�PDA�BKH@AN�J=IA@��#LL<2KQN?A<#K@A<&EHAO

`B�UKQ�D=RA�JKP�@KJA�OK��LHA=OA�?NA=PA�PDA�BKH@AN�O	�=J@�KN�OQ>
BKH@AN�O	�=O

=LLNKLNE=PA�

���������BJA?B47�G;8�%45�!<?8�F�

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$KSJHK=@�=J@�OPKNA�PDA�BKHHKSEJC�\HA�O	�PK�UKQN�OPKN=CA�@ARE?A�EJ�PDA�=LLNKLNE=PA

BKH@AN�O	�

� Compiler_Test.cpp(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5300/medi
a/Compiler_Test.cpp.txt)

���������8G4<?87�%45�QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

1A=@�=J@�BKHHKS�PDA�@ENA?PEKJO�>AHKS�?=NABQHHU��=J@�LANBKNI�PDA�OPALO�EJ�PDA�KN@AN

HEOPA@�

[ -=REC=PA�PK�UKQN�OQ>
BKH@AN��#D=LPAN����=J@�NAJ=IA�PDA�#KILEHAN�3AOP�?LL

OKQN?A�?K@A�\HA�PK�%45����6CC

[ `B�UKQ�=NA�D=REJC�LNK>HAIO�OAAEJC�PDA�\HA�ATPAJOEKJO��REOEP�PDA��2DKS�(E@A�&EHA

%TPAJOEKJO��EJOPNQ?PEKJO�SEPDEJ�PDA�!LLAJ@ET�
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[ 2P=NP�UKQN�?KILEHAN�=J@�KLAJ�PDA�OKQN?A�?K@A�\HA��#=NABQHHU�I=GA�PDA�BKHHKSEJC

IK@EB?=PEKJO�

[ �;4A:8�G;8�6B@@8AGF�4G�G;8�GBC
�FC86<964??L�

[ 3DA�\HAJ=IA�ODKQH@�>A��+=>����?LL

[ /QNLKOA�ODKQH@�>A��!RAN=CA�PDA�SAECDP�KB�PDNAA�LAKLHA

[ 1AIKRA�PDA�JATP���HEJAO�KB�?KIIAJP�P=HGEJC�=>KQP�PDA�I=EJ�E@A=

[ !QPDKN��LQP�UKQN�J=IA�=J@�AN=OA�IU�J=IA�=J@�?KLUNECDP

[ $=PA��/QP�PK@=U�O�@=PA

[ 1AIKRA�PDA�JATP���HEJAO�KB�?KIIAJP�@A=HEJC�SEPD�HE?AJOEJC��@KJ�P�AN=OA�PDA

=OPANEOG�HEJA	

Note: During the rest of the cou rse you will often use a sou rce code file

provided by the instructor as you r starting point for a new lab assignment.

Sometimes you will use a sou rce code file that you ha ve created as you r starting

point for a new lab assignment. Either way, you should modify the comments

area as appropriate to include at a minimum the fou r lines of information

(filename, pu rpose, author and date) as established in this lab assignment.

[ /8�4E8�ABJ�:B<A:�GB�@4>8�F<@C?8�@B7<964G<BAF�GB�G;<F�CEB:E4@�FB�G;4G�<G�<F

45?8�GB�4I8E4:8�G;8�J8<:;G�B9�G;E88�C8BC?8���B�G;8�9B??BJ<A:�

[ 6EPDEJ�PDA�R=NE=>HAO�=NA=��?D=JCA�PDA�R=NE=>HA�J=IAO�BKN�=CA��=J@�=CA��PK

SAECDP��=J@�SAECDP���!@@�=JKPDAN�R=NE=>HA�KB�EJPACAN�@=P=�PULA�SEPD�PDA�E@AJPE\AN

J=IA�KB�SAECDP��

[ 3DA�EJLQP�=NA=�D=O�PSK�LNKILPO�=J@�NAMQAOPO�BKN�@=P=�BNKI�PDA�QOAN��3DAU�=NA

L=ENA@�QL�=�LNKILP�=J@�CAPPEJC�@=P=�BNKI�PDA�GAU>K=N@��6A�JAA@�PK�IK@EBU�PDA

LNKILP�PK�=OG�BKN�SAECDP�EJOPA=@�KB�=CA��6A�JAA@�PK�?D=JCA�PDA�R=NE=>HA�J=IA

BNKI�=CA��PK�SAECDP���$K�PDEO�BKN�PDA�OA?KJ@�L=EN�PD=P�LNKILPO�=J@�CAPO�PDA

OA?KJ@�@=P=�EPAI��#NA=PA�=�PDEN@�L=EN�PD=P�LNKILPO�=J@�CAPO�PDA�PDEN@�@=P=�EPAI�

[ 3DA�LNK?AOO�=NA=�D=O�KJHU�KJA�HEJA�KB�?K@A�=J@�SA�JAA@�PK�I=GA�?D=JCAO�PD=P

=@@�PDA�SAECDP��=J@�@ERE@AO�>U�����EJOPA=@�KB������3DA�?K@A�ODKQH@�HKKG�HEGA�PDEO�

[ 4AFJ8E����J8<:;G��	�J8<:;G��	�J8<:;G���
�����

[ 3DA�KQPLQP�=NA=�JAA@O�PDA�PATP�IK@EBA@�BNKI�=CAO�PK�SAECDPO�

[ "QEH@��?KILEHA�=J@�NQJ	�UKQN�LNKCN=I��8KQ�D=RA�OQ??AOOBQHHU�SNEPPAJ�PDEO�LNKCN=I

EB�SDAJ�EP�NQJ�=J@�UKQ�LQP�EJ�PDA�PDNAA�SAECDPO��EP�PAHHO�UKQ�PDA�?KNNA?P�=RAN=CA�

[ !BPAN�UKQ�D=RA�OQ??AOOBQHHU�SNEPPAJ�PDEO�LNKCN=I��EB�UKQ�=NA�P=GEJC�PDEO�?KQNOA�BKN

?KHHACA�?NA@EP��BKHHKS�PDA�EJOPNQ?PEKJO�BNKI�UKQN�LNKBAOOKN�EJOPNQ?PKN�BKN

OQ>IEPPEJC�EP�BKN�CN=@EJC�

������)EB5?8@F

��������)EB5?8@���4��QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+EOP�PDA�OPALO�KB�PDA�2UOPAIO�$ARAHKLIAJP�+EBA�#U?HA�=J@�EJ@E?=PA�SDE?D�OPAL�UKQ�=NA

HEGAHU�PK�SKNG�EJ�=O�=�JAS�?KILQPAN�LNKBAOOEKJ=H�
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������+B?HG<BAF�GB� K8E6<F8F�<A��;4CG8E��

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+B?HG<BAF�GB�)E46G<68����QAGEB7H6G<BA�GB�)EB:E4@@<A:

+B?HG<BA�GB� K8E6<F8F������

�� B=HOA

�� PNQA

�� B=HOA

�� PNQA

�� PNQA
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�;4CG8E���)EB:E4@�)?4AA<A:����8F<:A

����)EB:E4@��8F<:A

������,BC<6�QAGEB7H6G<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

/NKCN=I�$AOECJ�?KJOEOPO�KB�PDA�OPALO�=�LNKCN=IIAN�ODKQH@�@K�>ABKNA�PDAU�OP=NP

?K@EJC�PDA�LNKCN=I�EJ�=�OLA?E\?�H=JCQ=CA��3DAOA�OPALO�SDAJ�LNKLANHU�@K?QIAJPA@

SEHH�I=GA�PDA�?KILHAPA@�LNKCN=I�A=OEAN�BKN�KPDAN�LNKCN=IIANO�PK�I=EJP=EJ�EJ�PDA

BQPQNA��3DANA�=NA�PDNAA�>NK=@�=NA=O�KB�=?PEREPU�

[ 4J@ANOP=J@EJC�PDA�/NKCN=I

[ 4OEJC�$AOECJ�3KKHO�PK�#NA=PA�=�,K@AH

[ $ARAHKL�3AOP�$=P=

������-A78EFG4A7<A:�G;8�)EB:E4@

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

`B�UKQ�=NA�SKNGEJC�KJ�=�LNKFA?P�=O�=�KJA�KB�I=JU�LNKCN=IIANO��PDA�OUOPAI�=J=HUOP

I=U�D=RA�?NA=PA@�=�R=NEAPU�KB�@K?QIAJP=PEKJ�EPAIO�PD=P�SEHH�DAHL�UKQ�QJ@ANOP=J@

SD=P�PDA�LNKCN=I�EO�PK�@K��3DAOA�?KQH@�EJ?HQ@A�O?NAAJ�H=UKQPO��J=NN=PERA�@AO?NELPEKJO�

@K?QIAJP=PEKJ�ODKSEJC�PDA�LNK?AOOEJC�OPALO��AP?��`B�UKQ�=NA�JKP�KJ�=�LNKFA?P�=J@�UKQ

=NA�?NA=PEJC�=�OEILHA�LNKCN=I�UKQ�IECDP�>A�CERAJ�KJHU�=�OEILHA�@AO?NELPEKJ�KB�PDA

LQNLKOA�KB�PDA�LNKCN=I��4J@ANOP=J@EJC�PDA�LQNLKOA�KB�=�LNKCN=I�QOQ=HHU�EJRKHRAO

QJ@ANOP=J@EJC�EP�O�

[ `JLQPO

[ /NK?AOOEJC

[ .QPLQPO

3DEOQ)( =LLNK=?D�SKNGO�RANU�SAHH�BKN�>ACEJJEJC�LNKCN=IIANO��2KIAPEIAO��EP�IECDP

DAHL�PK�REOQ=HEVA�PDA�LNKCN=IIEJC�NQJJEJC�KJ�PDA�?KILQPAN��8KQ�?=J�EI=CEJA�SD=P

PDA�IKJEPKN�SEHH�HKKG�HEGA��SD=P�PDA�QOAN�IQOP�AJPAN�KJ�PDA�GAU>K=N@�=J@�SD=P

LNK?AOOEJC�KN�I=JELQH=PEKJO�SEHH�>A�@KJA�

������-F<A:��8F<:A�,BB?F�GB��E84G8�4�&B78?

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

!P�\NOP�UKQ�SEHH�JKP�JAA@�=�DEAN=N?DU�?D=NP�>A?=QOA�UKQN�\NOP�LNKCN=IO�SEHH�JKP�>A

?KILHAT��"QP�=O�PDAU�CNKS�=J@�>A?KIA�IKNA�?KILHAT��UKQ�SEHH�@ERE@A�UKQN�LNKCN=I

EJPK�OARAN=H�IK@QHAO��KN�BQJ?PEKJO	�
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3DA�\NOP�IK@AHEJC�PKKH�UKQ�SEHH�QOQ=HHU�HA=NJ�EOCF8H7B6B78��8KQ�SEHH�@K?QIAJP�PDA

HKCE?�KN�=HCKNEPDI�KB�A=?D�BQJ?PEKJ�EJ�UKQN�LNKCN=I��!P�\NOP��UKQ�SEHH�D=RA�KJHU�KJA

BQJ?PEKJ��=J@�PDQO�UKQN�LOAQ@K?K@A�SEHH�BKHHKS�?HKOAHU�PDA�`/.�=LLNK=?D�=>KRA�

3DANA�=NA�OARAN=H�IAPDK@O�KN�PKKHO�BKN�LH=JJEJC�PDA�HKCE?�KB�=�LNKCN=I��3DAU�EJ?HQ@A�

BKS?D=NPEJC��DEAN=N?DU�KN�OPNQ?PQNA�?D=NPO��LOAQ@K?K@A��(`/.��-=OOE
2?DJAE@ANI=J

?D=NPO��6=NJEAN
.NN�@E=CN=IO��AP?��/NKCN=IIANO�=NA�ATLA?PA@�PK�>A�=>HA�PK

QJ@ANOP=J@�=J@�@K�BKS?D=NPEJC�=J@�LOAQ@K?K@A��3DAOA�IAPDK@O�KB�@ARAHKLEJC�PDA

IK@AH�KB�=�LNKCN=I�=NA�QOQ=HHU�P=QCDP�EJ�IKOP�?KILQPAN�?KQNOAO��2ARAN=H�OP=J@=N@O

ATEOP�BKN�BKS?D=NPEJC�=J@�LOAQ@K?K@A�=J@�IKOP�=NA�RANU�OEIEH=N�PK�A=?D�KPDAN�

(KSARAN��IKOP�?KIL=JEAO�D=RA�PDAEN�KSJ�@K?QIAJP=PEKJ�OP=J@=N@O�=J@�OPUHAO�

/NKCN=IIANO�=NA�ATLA?PA@�PK�>A�=>HA�PK�MQE?GHU�=@=LP�PK�=JU�BKS?D=NPEJC�KN

LOAQ@K?K@A�OP=J@=N@O�BKN�PDA�?KIL=JU�=P�SDE?D�PDAU�SKNG��3DA�KPDANO�IAPDK@O�PD=P

=NA�HAOO�QJERANO=H�NAMQENA�OKIA�PN=EJEJC�SDE?D�EO�CAJAN=HHU�LNKRE@A@�>U�PDA�AILHKUAN

PD=P�?DKKOAO�PK�QOA�PDAI�

+=PAN�EJ�UKQN�LNKCN=IIEJC�?=NAAN��UKQ�SEHH�HA=NJ�=>KQP�QOEJC�=LLHE?=PEKJO�OKBPS=NA

PD=P�DAHLO�?NA=PA�=J�EJBKNI=PEKJ�OUOPAI�=J@�KN�LNKCN=IO��3DEO�PULA�KB�OKBPS=NA�EO

?=HHA@�#KILQPAN
=E@A@�2KBPS=NA�%JCEJAANEJC�

4J@ANOP=J@EJC�PDA�HKCE?�=J@�LH=JJEJC�PDA�=HCKNEPDI�KJ�L=LAN�>ABKNA�UKQ�OP=NP�PK�?K@A

EO�RANU�EILKNP=JP�?KJ?ALP��,=JU�OPQ@AJPO�@ARAHKL�LKKN�D=>EPO�=J@�OGELLEJC�PDEO�OPAL

EO�KJA�KB�PDAI�

�������8I8?BC�,8FG��4G4

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

,8FG�74G4?KJOEOPO�KB�PDA�QOAN�LNKRE@EJC�OKIA�EJLQP�R=HQAO�=J@�LNA@E?PEJC�PDA

KQPLQPO��3DEO�?=J�>A�MQEPA�A=OU�BKN�=�OEILHA�LNKCN=I�=J@�PDA�PAOP�@=P=�?=J�>A�QOA@�PK

?DA?G�PDA�IK@AH�PK�OAA�EB�EP�LNK@Q?AO�PDA�?KNNA?P�NAOQHPO�

�������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA������Q)(

`JLQPO�
/NK?AOOEJC�
.QPLQPO

�8NA<G<BA������CF8H7B6B78

%JCHEOD
HEGA�OP=PAIAJPO�QOA@�PK�?KJRAU�PDA�OPALO�KB�=J�=HCKNEPDI�KN�BQJ?PEKJ�

�8NA<G<BA������G8FG�74G4

/NKRE@EJC�EJLQP�R=HQAO�=J@�LNA@E?PEJC�PDA�KQPLQPO�
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����)F8H7B6B78

������(I8EI<8J

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

/OAQ@K?K@A�EO�KJA�IAPDK@�KB�@AOECJEJC�KN�LH=JJEJC�=�LNKCN=I�)F8H7B IA=JO�B=HOA�

PDQO�LOAQ@K?K@A�IA=JO�B=HOA�?K@A��!�>APPAN�PN=JOH=PEKJ�SKQH@�>A�PDA�SKN@�B=GA�KN

EIEP=PEKJ��/OAQ@K?K@A�EO�B=GA��JKP�PDA�NA=H�PDEJC	��`P�HKKGO�HEGA��EIEP=PAO	�NA=H�?K@A�>QP�EP

EO�-.3�NA=H�?K@A��`P�QOAO�%JCHEOD�OP=PAIAJPO�PK�@AO?NE>A�SD=P�=�LNKCN=I�EO�PK

=??KILHEOD��`P�EO�B=GA�>A?=QOA�JK�?KILHEAN�ATEOPO�PD=P�SEHH�PN=JOH=PA�PDA�LOAQ@K?K@A�PK

=JU�I=?DEJA�H=JCQ=CA��/OAQ@K?K@A�EO�QOA@�BKN�@K?QIAJPEJC�PDA�LNKCN=I�KN�IK@QHA

@AOECJ��=HOK�GJKSJ�=O�PDA�=HCKNEPDI	�

3DA�BKHHKSEJC�KQPHEJA�KB�=�OEILHA�LNKCN=I�EHHQOPN=PAO�LOAQ@K?K@A��6A�S=JP�PK�>A�=>HA

PK�AJPAN�PDA�=CAO�KB�PSK�LAKLHA�=J@�D=RA�PDA�?KILQPAN�?=H?QH=PA�PDAEN�=RAN=CA�=CA

=J@�@EOLH=U�PDA�=JOSAN�

 K4@C?8������(HG?<A8�HF<A:�)F8H7B6B78

Input

display a message asking the user to enter the first age

get the first age from the keyboard

display a message asking the user to enter the second age

get the second age from the keyboard

Processing

calculate the answer by adding the two ages together and dividing

by two

Output

display the answer on the screen

pause so the user can see the answer

!BPAN�@ARAHKLEJC�PDA�LNKCN=I�@AOECJ��SA�QOA�PDA�LOAQ@K?K@A�PK�SNEPA�?K@A�EJ�=

H=JCQ=CA��HEGA�/=O?=H��#.".+��&.131!-���#�����#�����AP?�	�SDANA�UKQ�IQOP�BKHHKS�PDA

NQHAO�KB�PDA�H=JCQ=CA��OUJP=T	�EJ�KN@AN�PK�?K@A�PDA�HKCE?�KN�=HCKNEPDI�LNAOAJPA@�EJ�PDA

LOAQ@K?K@A��/OAQ@K?K@A�QOQ=HHU�@KAO�JKP�EJ?HQ@A�KPDAN�EPAIO�LNK@Q?A@�@QNEJC

LNKCN=IIEJC�@AOECJ�OQ?D�=O�E@AJPE\AN�HEOPO�BKN�R=NE=>HAO�KN�PAOP�@=P=�

3DANA�=NA�KPDAN�IAPDK@O�BKN�LH=JJEJC�=J@�@K?QIAJPEJC�PDA�HKCE?�BKN�=�LNKCN=I��.JA

IAPDK@�EO�(`/.��`P�OP=J@O�BKN�(EAN=N?DU�LHQO�`JLQP�/NK?AOO�.QPLQP�=J@�S=O�@ARAHKLA@

>U�`",�EJ�PDA�����O��`P�EJRKHRA@�QOEJC�=�DEAN=N?DU��KN�OPNQ?PQNA	�?D=NP�PK�ODKS�PDA

NAH=PEKJODEL�KB�PDA�OQ>
NKQPEJAO��KN�BQJ?PEKJO	�EJ�=�LNKCN=I��%=?D�OQ>
NKQPEJA�D=@�=J

Q)( LEA?A��2EJ?A�PDA�=>KRA�LNK>HAI�P=OG�S=O�OEILHA��SA�@E@�JKP�JAA@�PK�QOA�IQHPELHA

OQ>
NKQPEJAO��PDQO�SA�@E@�JKP�LNK@Q?A�=�DEAN=N?DU�?D=NP��6A�@E@�EJ?KNLKN=PA�PDA�`/.

L=NP�KB�PDA�?KJ?ALP�BKN�PDA�LOAQ@K?K@A�KQPHEJA�

22

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


�������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA������CF8H7B

,A=JO�B=HOA�=J@�EJ?HQ@AO�PDA�?KJ?ALPO�KB�B=GA�KN�EIEP=PEKJ�

����,8FG��4G4

������(I8EI<8J

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3AOP�@=P=�?KJOEOPO�KB�PDA�QOAN�LNKRE@EJC�OKIA�EJLQP�R=HQAO�=J@�LNA@E?PEJC�PDA�KQPLQPO�

3DEO�?=J�>A�MQEPA�A=OU�BKN�=�OEILHA�LNKCN=I�=J@�PDA�PAOP�@=P=�?=J�>A�QOA@�PSE?A�

�� PK�?DA?G�PDA�IK@AH�PK�OAA�EB�EP�LNK@Q?AO�PDA�?KNNA?P�NAOQHPO��@B78?�6;86><A: 	

�� PK�?DA?G�PDA�?K@A@�LNKCN=I�PK�OAA�EB�EP�LNK@Q?AO�PDA�?KNNA?P�NAOQHPO��6B78

6;86><A: 	

3AOP�@=P=�EO�@ARAHKLA@�>U�QOEJC�PDA�=HCKNEPDI�KB�PDA�LNKCN=I��3DEO�=HCKNEPDI�EO�QOQ=HHU

@K?QIAJPA@�@QNEJC�PDA�LNKCN=I�@AOECJ�SEPD�AEPDAN�BKS?D=NPEJC�KN�LOAQ@K?K@A��(ANA

EO�PDA�LOAQ@K?K@A�EJ�KQPHEJA�BKNI�@AO?NE>EJC�PDA�EJLQPO��LNK?AOOEJC�=J@�KQPLQPO�BKN�=

LNKCN=I�QOA@�BKN�L=EJPEJC�NA?P=JCQH=N�>QEH@EJCO�

 K4@C?8������)F8H7B6B78�HF<A:�4A�Q)(�(HG?<A8�9BE�)4<AG<A:�4�*86G4A:H?4E

�H<?7<A:

Input

display a message asking user for the length of the building

get the length from the keyboard

display a message asking user for the width of the building

get the width from the keyboard

display a message asking user for the height of the building

get the height from the keyboard

display a message asking user for the price per gallon of paint

get the price per gallon of paint from the keyboard

display a message asking user for the sq ft coverage of a gallon of

paint

get the sq ft coverage of a gallon of paint from the keyboard

Processing

calculate the total area of the building by:

multiplying the length by height by 2
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then multiply the width by height by 2

then add the two results together

calculate the number of gallons of paint needed by:

dividing the total area by the coverage per gallon

then round up to the next whole gallon

calculate the total cost of the paint by:

multiplying the total gallons needed by the price of one gallon

of paint

Output

display the number of gallons needed on the monitor

display the total cost of the paint on the monitor

pause so the user can see the answer
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� Solution_Lab_01_Pseudocode.txt(http://www.opentextbooks.org.hk/system/files/resource/5/52
67/5327/media/Solution_Lab_01_Pseudocode.txt)

� Solution_Lab_01_Test_Data.txt(http://www.opentextbooks.org.hk/system/files/resource/5/526
7/5327/media/Solution_Lab_01_Test_Data.txt)
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Family
Data

Type

Reserved

Word
Represents

Standard

Type

Nothing
Null or

nothing
void No data Yes

Integer Boolean bool
Logical true and

false
Yes

Integer Character char Single characters Yes

Integer Integer int Whole numbers Yes

Floating

Point

Floating

Point
float

Fractional

numbers
Yes

Complex String string

A sequence (sting

them along) of

characters

No

Complex Array N/A

A collection of

elements of the

same data type

No

Complex Pointer N/A

A value that

points to a

location (an

address) within

the data area

No

Table 3.1 A summary table
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6KN@O�PD=P�?=JJKP�>A�QOA@�>U�PDA�LNKCN=IIAN�=O�E@AJPE\AN�J=IAO�>A?=QOA�PDAU

=HNA=@U�D=RA�=�OLA?E\?�IA=JEJC�SEPDEJ�PDA�LNKCN=IIEJC�H=JCQ=CA�

32

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


�����BAFG4AGF��.4E<45?8F

������-A78EFG4A7<A:��BAFG4AGF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

5=NEKQO�PATP>KKGO�@AO?NE>A�?KJOP=JPO�QOEJC�@E_ANAJP�PANIEJKHKCU��!@@A@�PK�PDA

?KILHATEPU�=NA�PDA�ATLH=EJ=PEKJO�BNKI�R=NEKQO�EJ@QOPNU�LNKBAOOEKJ=HO�SEHH�R=NU�CNA=PHU�

+AP�O�OAA�EB�SA�?=J�?HA=N�EP�QL�

! 6BAFG4AGEO�=�@=P=�EPAI�SDKOA�R=HQA�?=JJKP�?D=JCA�@QNEJC�PDA�LNKCN=I�O�ATA?QPEKJ�

3DQO��=O�EPO�J=IA�EILHEAO�PDAEN�R=HQA�EO�?KJOP=JP�

! I4E<45?8EO�=�@=P=�EPAI�SDKOA�R=HQA�?=J�?D=JCA�@QNEJC�PDA�LNKCN=I�O�ATA?QPEKJ�

3DQO��=O�EPO�J=IA�EILHEAO�PDAEN�R=HQA�?=J�R=NU�

#KJOP=JPO�=NA�QOA@�EJ�PDNAA�S=UO�SEPDEJ�#����3DAU�=NA�

�� HEPAN=H�?KJOP=JP

�� @A\JA@�?KJOP=JP

�� IAIKNU�?KJOP=JP

! ?<G8E4?�6BAFG4AGEO�=I4?H8 UKQ�PULA�EJPK�UKQN�LNKCN=I�SDANARAN�EP�EO�JAA@A@�

%T=ILHAO�EJ?HQ@A�PDA�?KJOP=JPO�QOA@�BKN�EJEPE=HEVEJC�=�R=NE=>HA�=J@�?KJOP=JPO�QOA@�EJ

HEJAO�KB�?K@A�

 K4@C?8������%<G8E4?��BAFG4AGF

int age = 2l;

char grade = 'A';

float money = l2.34;

bool rich = false;

cout Ç "\nStudents love computers";

age = 57;

!@@EPEKJ=HHU��SA�D=RA�HA=NJA@�DKS�PK�NA?KCJEVA�PDA�@=P=�PULAO�KB�HEPAN=H�?KJOP=JPO�

2EJCHA�MQKPAO�BKN�?D=N��@KQ>HA�MQKPAO�BKN�OPNEJC��JQI>AN�SEPDKQP�=�@A?EI=H�LKEJP�BKN

EJPACAN��JQI>AN�SEPD�=�@A?EI=H�LKEJP�>AHKJCO�PK�PDA�]K=PEJC
LKEJP�B=IEHU��=J@�"KKHA=J

?=J�QOA�PDA�NAOANRA@�SKN@O�KB�PNQA�KN�B=HOA�

`J�=@@EPEKJ�PK�HEPAN=H�?KJOP=JPO��IKOP�PATP�>KKGO�NABAN�PK�AEPDAN�OUI>KHE?�?KJOP=JPO�KN

J=IA@�?KJOP=JPO�>QP�PDAOA�PSK�NABAN�PK�PDA�O=IA�?KJ?ALP��!�OUI>KHE?�?KJOP=JP�EO

NALNAOAJPA@�>U�=�J=IA�OEIEH=N�PK�DKS�SA�J=IA�R=NE=>HAO��+AP�O�O=U�EP�>=?GS=N@O��PDA

E@AJPE\AN�J=IA�EO�PDA�OUI>KH�PD=P�NALNAOAJPO�PDA�@=P=�EPAI��6EPDEJ�#���E@AJPE\AN

J=IAO�D=RA�OKIA�NQHAO��.JA�KB�PDA�NQHAO�O=UO�PDKOA�J=IAO�ODKQH@�>A�IA=JEJCBQH�

!JKPDAN�NQHA�=>KQP�QOEJC�!++�#!/2�&.1�#.-23!-32�EO�=J�EJ@QOPNU�NQHA��3DANA�=NA�PSK

S=UO�PK�?NA=PA�OUI>KHE?�KN�J=IA@�?KJOP=JPO�
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#define PI 3.l4l59

#=HHA@�=78NA87�6BAFG4AG>A?=QOA�EP�QOAO�=�PATPQ=H�OQ>OPEPQPEKJ�IAPDK@�?KJPNKHHA@�>U

PDA�?KILEHAN�LNA
LNK?AOOKN�?KII=J@�SKN@��@A\JA��

const double PI = 3.l4l59;

3DA�OA?KJ@�KJA�EO�?=HHA@�OKIAPEIAO�?=HHA@6BAFG4AG�I4E<45?8>QP�PD=P�J=IA�EO

?KJPN=@E?PKNU�=HH�>U�EPOAHB��(KS�?=J�EP�>A�?KJOP=JP�=J@�R=NU�=P�PDA�O=IA�PEIA��3DA

>APPAN�J=IA�BKN�PDA�OA?KJ@�KJA�EO�=@8@BEL?KJOP=JP�>A?=QOA�PDAU�D=RA�=��OLA?E\?

OPKN=CA�HK?=PEKJ�EJ�IAIKNU��

�������8NA<A:��BAFG4AGF���.4E<45?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

`J�PDA�=>KRA�AT=ILHAO�SA�OAA�DKS�PK�@A\JA�>KPD�R=NE=>HAO�=J@�?KJOP=JPO�=HKJC�SEPD

CEREJC�PDAI�=J�EJEPE=H�R=HQA��,AIKNU�?KJOP=JPO�IQOP�>A�=OOECJA@�=�R=HQA�SDAJ�PDAU

=NA�@A\JA@��"QP�R=NE=>HAO�@K�JKP�D=RA�PK�>A�=OOECJA@�EJEPE=H�R=HQAO�

int height;

float value coins;

Variables once defined may be assigned a value within the

instructions of the program.

height = 72;

value coins = 2 * 0.25 + 3 * 0.05;

�������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA������6BAFG4AG

!�@=P=�EPAI�SDKOA�R=HQA�?=JJKP�?D=JCA�@QNEJC�PDA�LNKCN=I�O�ATA?QPEKJ�

�8NA<G<BA������I4E<45?8

!�@=P=�EPAI�SDKOA�R=HQA�?=J�?D=JCA�@QNEJC�PDA�LNKCN=I�O�ATA?QPEKJ�
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�����4G4�&4A<CH?4G<BA

������QAGEB7H6G<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

2EJCHA�R=HQAO�>U�PDAIOAHRAO�=NA�EILKNP=JP��DKSARAN�SA�JAA@�=�IAPDK@�KB

I=JELQH=PEJC�R=HQAO��LNK?AOOEJC�@=P=	��2?EAJPEOPO�S=JPA@�=J�=??QN=PA�I=?DEJA�BKN

I=JELQH=PEJC�R=HQAO��3DAU�S=JPA@�=�I=?DEJA�PK�LNK?AOO�JQI>ANO�KN�?=H?QH=PA

=JOSANO��PD=P�EO�?KILQPA�PDA�=JOSAN	��/NEKN�PK�������@E?PEKJ=NEAO�HEOPA@�PDA�@A\JEPEKJ

KB�?KILQPANO�=O���DQI=JO�PD=P�@K�?KILQP=PEKJO���3DQO��=HH�KB�PDA�PANIEJKHKCU�BKN

@AO?NE>EJC�@=P=�I=JELQH=PEKJ�EO�I=PD�KNEAJPA@��!@@EPEKJ=HHU��PDA�PSK�BQJ@=IAJP=H�@=P=

PULA�B=IEHEAO��PDA�EJPACAN�B=IEHU�=J@�]K=PEJC
LKEJP�B=IEHU	�?KJOEOP�AJPENAHU�KB�JQI>AN

R=HQAO�

�������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA������8KCE8FF<BA

!�R=HE@�OAMQAJ?A�KB�KLAN=J@�O	�=J@�KLAN=PKN�O	�PD=P�NA@Q?AO��KN�AR=HQ=PAO	�PK�=�OEJCHA

R=HQA�

�8NA<G<BA�������BC8E4GBE

!�H=JCQ=CA
OLA?E\?�OUJP=?PE?=H�PKGAJ��QOQ=HHU�=�OUI>KH	�PD=P�?=QOAO�=J�=?PEKJ�PK�>A

P=GAJ�KJ�KJA�KN�IKNA�KLAN=J@O�

�8NA<G<BA�������BC8E4A7

!�R=HQA�PD=P�NA?AERAO�PDA�KLAN=PKN�O�=?PEKJ�

�8NA<G<BA�������CE86878A68

$APANIEJAO�PDA�KN@AN�EJ�SDE?D�PDA�KLAN=PKNO�=NA�=HHKSA@�PK�I=JELQH=PA�PDA�KLAN=J@O�

�8NA<G<BA�������4FFB6<4G<I<GL

$APANIEJAO�PDA�KN@AN�EJ�SDE?D�PDA�KLAN=PKNO�KB�PDA�O=IA�LNA?A@AJ?A�=NA�=HHKSA@�PK

I=JELQH=PA�PDA�KLAN=J@O�

�8NA<G<BA�������8I4?H4G<BA

3DA�LNK?AOO�KB�=LLHUEJC�PDA�KLAN=PKNO�PK�PDA�KLAN=J@O�=J@�NAOQHPEJC�EJ�=�OEJCHA�R=HQA�

�8NA<G<BA�������C4E8AG;8F8F

#D=JCA�PDA�KN@AN�KB�AR=HQ=PEKJ�EJ�=J�ATLNAOOEKJ��8KQ�@K�SD=P�O�EJ�PDA�L=NAJPDAOAO

\NOP�
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�������A� KCE8FF<BA� K4@C?8�J<G;� I4?H4G<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+AP�O�HKKG�=P�=J�AT=ILHA��������
�������EO�KQN�ATLNAOOEKJ�>QP�SD=P�@KAO�EP�AMQ=H�

�� PDA�OUI>KHO�KB���IA=JEJC�=@@EPEKJ�=J@�
�IA=JEJC�IQHPELHE?=PEKJ�=NA�KQN

KLAN=PKNO

�� PDA�R=HQAO���������=J@���=NA�KQN�KLAN=J@O

�� LNA?A@AJ?A�O=UO�PD=P�IQHPELHE?=PEKJ�EO�DECDAN�PD=J�=@@EPEKJ

�� PDQO��SA�AR=HQ=PA�PDA���
���PK�CAP���

�� JKSSAD=RA�������

�� PDA�=OOK?E=PEREPU�NQHAO�O=U�PD=P�=@@EPEKJ�CKAO�HABP�PK�NECDP��PDQO�SA�AR=HQ=PA�PDA��

����PK�CAP���

�� JKSSAD=RA�����

�� BJ=HHU��SA�AR=HQ=PA�PDA��������PK�CAP�����SDE?D�EO�PDA�R=HQA�KB�PDA�ATLNAOOEKJ

/=NAJPDAOAO�SKQH@�?D=JCA�PDA�KQP?KIA��������	�
�������	�AR=HQ=PAO�PK����

/=NAJPDAOAO�SKQH@�?D=JCA�PDA�KQP?KIA��������	�
�������AR=HQ=PAO�PK����

������)E86878A68�B9�(C8E4GBEF��;4EG

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

%=?D�?KILQPAN�H=JCQ=CA�D=O�OKIA�NQHAO�PD=P�@A\JA�LNA?A@AJ?A�=J@�=OOK?E=PEREPU�

3DAU�KBPAJ�BKHHKS�NQHAO�SA�I=U�D=RA�=HNA=@U�HA=NJA@��,QHPELHE?=PEKJ�=J@�@EREOEKJ�?KIA

>ABKNA�=@@EPEKJ�=J@�OQ>PN=?PEKJ�EO�=�NQHA�SA�HA=NJA@�EJ�CN=@A�O?DKKH��3DEO�NQHA�OPEHH

SKNGO��3DA�LNA?A@AJ?A�NQHAO�R=NU�BNKI�KJA�LNKCN=IIEJC�H=JCQ=CA�PK�=JKPDAN��8KQ

ODKQH@�NABAN�PK�PDA�NABANAJ?A�ODAAP�PD=P�OQII=NEVAO�PDA�NQHAO�BKN�PDA�H=JCQ=CA�PD=P

UKQ�=NA�QOEJC��`P�EO�KBPAJ�?=HHA@�=�/NA?A@AJ?A�KB�.LAN=PKNO�#D=NP��8KQ�ODKQH@�NAREAS

PDEO�?D=NP�=O�JAA@A@�SDAJ�AR=HQ=PEJC�ATLNAOOEKJO�

!�R=HE@�ATLNAOOEKJ�?KJOEOPO�KB�KLAN=J@�O	�=J@�KLAN=PKN�O	�PD=P�=NA�LQP�PKCAPDAN

LNKLANHU��6DU�PDA��O	��2KIA�KLAN=PKNO�=NA�

�� 4J=NU�PD=P�EO�KJHU�D=RA�KJA�KLAN=J@

�� "EJ=NU�PD=P�EO�D=RA�PSK�KLAN=J@O��KJA�KJ�A=?D�OE@A�KB�PDA�KLAN=PKN

�� 3NEJ=NU�SDE?D�D=O�PSK�KLAN=PKN�OUI>KHO�PD=P�OAL=N=PA�PDNAA�KLAN=J@O

,KOP�KLAN=PKNO�=NA�>EJ=NU��PD=P�EO�PDAU�NAMQENA�PSK�KLAN=J@O��6EPDEJ�#���PDANA�EO�KJHU

KJA�PNEJ=NU�KLAN=PKN��PDA�?KJ@EPEKJ=H��!HH�KB�PDA�QJ=NU�KLAN=PKNO�=NA�KJ�PDA�HABP�OE@A�KB

PDA�KLAN=J@��AT?ALP�LKOPBT�EJ?NAIAJP�=J@�LKOPBT�@A?NAIAJP��2KIA�LNA?A@AJ?A�?D=NPO

EJ@E?=PA�KB�SDE?D�KLAN=PKNO�=NA�QJ=NU�=J@�PNEJ=NU�=J@�PDQO�=HH�KPDANO�=NA�>EJ=NU�
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�����FF<:A@8AG�(C8E4GBE

�������<F6HFF<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�=OOECJIAJP�KLAN=PKN�=HHKSO�QO�PK�?D=JCA�PDA�R=HQA�KB�=�IK@EB=>HA�@=P=�K>FA?P��BKN

>ACEJJEJC�LNKCN=IIANO�PDEO�PULE?=HHU�IA=JO�=�R=NE=>HA	��`P�EO�=OOK?E=PA@�SEPD�PDA

?KJ?ALP�KB�IKREJC�=�R=HQA�EJPK�PDA�OPKN=CA�HK?=PEKJ��=C=EJ�QOQ=HHU�=�R=NE=>HA	��6EPDEJ

#���LNKCN=IIEJC�H=JCQ=CA�PDA�OUI>KH�QOA@�EO�PDA�AMQ=H�OUI>KH��"QP�>EPA�UKQN

PKJCQA��SDAJ�UKQ�OAA�PDA�OUI>KH�UKQ�JAA@�PK�OP=NP�PDEJGEJC��=OOECJIAJP��3DA

=OOECJIAJP�KLAN=PKN�D=O�PSK�KLAN=J@O��3DA�KJA�PK�PDA�HABP�KB�PDA�KLAN=PKN�EO�QOQ=HHU

=J�E@AJPE\AN�J=IA�BKN�=�R=NE=>HA��3DA�KJA�PK�PDA�NECDP�KB�PDA�KLAN=PKN�EO�=�R=HQA�

 K4@C?8������+<@C?8��FF<:A@8AG

int age; // variable set up

then later in the program

age = 21;

3DA�R=HQA����EO�IKRA@�PK�PDA�IAIKNU�HK?=PEKJ�BKN�PDA�R=NE=>HA�J=IA@��=CA��!JKPDAN

S=U�PK�O=U�EP��=CA�EO�=OOECJA@�PDA�R=HQA����

 K4@C?8�������FF<:A@8AG�J<G;�4A� KCE8FF<BA

int total cousins; // variable set up

then later in the program

total_cousins =4+3 + 5 +2;

3DA�EPAI�PK�PDA�NECDP�KB�PDA�=OOECJIAJP�KLAN=PKN�EO�=J�ATLNAOOEKJ��3DA�ATLNAOOEKJ�SEHH

>A�AR=HQ=PA@�=J@�PDA�=JOSAN�EO�����3DA�R=HQA����SKQH@�=OOECJA@�PK�PDA�R=NE=>HA

J=IA@��PKP=H<?KQOEJO�

 K4@C?8�������FF<:A@8AG�J<G;�Q78AG<N8E�'4@8F�<A�G;8� KCE8FF<BA

int students_period_1 = 25;     // variable set up with initialization

int students_period_2 = 19;

int total_students;

then later in the program

total_students = students_period_1 + students_period_2;

3DA�ATLNAOOEKJ�PK�PDA�NECDP�KB�PDA�=OOECJIAJP�KLAN=PKN�?KJP=EJO�OKIA�E@AJPE\AN

J=IAO��3DA�LNKCN=I�SKQH@�BAP?D�PDA�R=HQAO�OPKNA@�EJ�PDKOA�R=NE=>HAO��=@@�PDAI

PKCAPDAN�=J@�CAP�=�R=HQA�KB�����PDAJ�=OOECJ�PDA����PK�PDA�PKP=H�OPQ@AJPO�R=NE=>HA�
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�������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������4FF<:A@8AG

!J�KLAN=PKN�PD=P�?D=JCAO�PDA�R=HQA�KB�=�IK@EB=>HA�@=P=�K>FA?P�

�����E<G;@8G<6�(C8E4GBEF

������"8A8E4?��<F6HFF<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

!J�KLAN=PKN�LANBKNIO�=J�=?PEKJ�KJ�KJA�KN�IKNA�KLAN=J@O��3DA�?KIIKJ�=NEPDIAPE?

KLAN=PKNO�=NA�

Action C++ operator symbol

Addition +

Subtraction -

Multiplication *

Division /

Modulus (associated with integers) %

Table 3.2 Common Arithmetic Operators

3DAOA�=NEPDIAPE?�KLAN=PKNO�=NA�>EJ=NU�PD=P�EO�PDAU�D=RA�PSK�KLAN=J@O��3DA�KLAN=J@O

I=U�>A�AEPDAN�?KJOP=JPO�KN�R=NE=>HAO�

age + 1

3DEO�ATLNAOOEKJ�?KJOEOPO�KB�KJA�KLAN=PKN��=@@EPEKJ	�SDE?D�D=O�PSK�KLAN=J@O��3DA�\NOP

EO�NALNAOAJPA@�>U�=�R=NE=>HA�J=IA@�=CA�=J@�PDA�OA?KJ@�EO�=�HEPAN=H�?KJOP=JP��`B�=CA�D=@

=�R=HQA�KB����PDAJ�PDA�ATLNAOOEKJ�SKQH@�AR=HQ=PA��KN�>A�AMQ=H�PK	����
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!QPKI=PE?�?KJRANOEKJ�KB�=�R=HQA�BNKI�KJA�@=P=�PULA�PK�=JKPDAN�>U�=�LNKCN=IIEJC

H=JCQ=CA��SEPDKQP�PDA�LNKCN=IIAN�OLA?EB?=HHU�@KEJC�OK��EO�?=HHA@�EILHE?EP�PULA
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KLAN=PKN�

 K4@C?8������Q@C?<6<G�)EB@BG<BA

55 + 1.75

`J�PDEO�AT=ILHA�PDA�EJPACAN�R=HQA����EO�?KJRANPA@�PK�=�]K=PEJC
LKEJP�R=HQA��IKOP�HEGAHU

@KQ>HA	�KB�������`P�S=O�LNKIKPA@�

 K4@C?8������Q@C?<6<G��8@BG<BA

int money;     // variable set up

then later in the program

money = 23.l6;

`J�PDEO�AT=ILHA�PDA�R=NE=>HA�IKJAU�EO�=J�EJPACAN��6A�=NA�PNUEJC�PK�IKRA�=�]K=PEJC


LKEJP�R=HQA�������EJPK�=J�EJPACAN�OPKN=CA�HK?=PEKJ��3DEO�EO�@AIKPEKJ�=J@�PDA�]K=PEJC


LKEJP�R=HQA�QOQ=HHU�CAPO�PNQJ?=PA@�PK����
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 K4@C?8������ KC?<6<G��8@BG<BA�J<G;�,EHA64G<BA
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(int) 4.234

This expression would evaluate to: 4.
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$ALAJ@EJC�KJ�UKQN�?KILEHAN�`$%��UKQ�ODKQH@�@A?E@A�SDANA�PK�@KSJHK=@�=J@�OPKNA
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JAA@A@�LNEKN�PK�@KSJHK=@EJC�OKQN?A�?K@A�\HAO��!�OQCCAOPA@�OQ>
BKH@AN�BKN�PDA

�?BB7F;87��8I��		���6B@C<?8E
Q� IECDP�>A�J=IA@�

[ $AIK�/NKCN=IO

`B�UKQ�D=RA�JKP�@KJA�OK��LHA=OA�?NA=PA�PDA�BKH@AN�O	�=J@�KN�OQ>
BKH@AN�O	�=O

=LLNKLNE=PA�

���������BJA?B47�G;8��8@B�)EB:E4@
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LNKCN=I�O	��2PQ@U�PDA�OKNQ?A�?K@A�\HA�O	�EJ�?KJFQJ?PEKJ�SEPD�KPDAN�HA=NJEJC�I=PANE=HO�

� Demo_Data_Type_Conversions.cpp(http://www.opentextbooks.org.hk/system/files/resource/5/
5267/5365/media/Demo_Data_Type_Conversions.cpp.txt)
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�8NA<G<BA�������<@C?<6<G

!�R=HQA�PD=P�D=O�EPO�@=P=�PULA�?D=JCA@�=QPKI=PE?=HHU�

�8NA<G<BA�������8KC?<6<G

#D=JCEJC�=�R=HQA�O�@=P=�PULA�SEPD�PDA�?=OP�KLAN=PKN�

�8NA<G<BA�������CEB@BG<BA

'KEJC�BNKI�=�OI=HHAN�@KI=EJ�PK�=�H=NCAN�@KI=EJ�

�8NA<G<BA�������78@BG<BA

'KEJC�BNKI�=�H=NCAN�@KI=EJ�PK�=�OI=HHAN�@KI=EJ�
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�� /=NAJPDAOAO�?D=JCA�PDA�LNA?A@AJ?A�KB�KLAN=PKNO�
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� Manipulation_Data_Part_1(http://www.opentextbooks.org.hk/system/files/resource/5/5267/537
1/media/Manipulation_Data_Part_1.pdf)
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BKH@AN�O	�

� Solution_Lab_03_Pseudocode(http://www.opentextbooks.org.hk/system/files/resource/5/5267/
5374/media/Solution_Lab_03_Pseudocode.txt)

� Solution_Lab_03_Test_Data(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5
374/media/Solution_Lab_03_Test_Data.txt)
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BKH@AN��#D=LPAN����=J@�KLAJ�=J@�OPQ@U�PDA�PSK�\HAO�

[ 6A�D=RA�HA=NJA@�PD=P�=�BQJ@=IAJP=H�?KJ?ALP�KB�EJPAN=?PEKJ�SEPD�?KILQPANO�EO�PK

@ERE@A�PDA�LNK>HAI�P=OG�EJPK�PDNAA�L=NPO�EJLQP��LNK?AOOEJC�=J@�KQPLQP��3DEO

LNK>HAI�EO�OEILHA�=J@�SA�SEHH�QOA�PDA�`/.��EJLQP�LNK?AOOEJC�KQPLQP	�=LLNK=?D

=C=EJ�#BJ8I8E�G;<F�G<@8�J8�4E8�:B<A:�GB�G;<A>�45BHG�<G�546>J4E7F�
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[ /;4G�BHGCHG�7B�Q�J4AG�7<FC?4L87�

[ -QI>AN�KB�C=HHKJO�KB�L=EJP

[ 3KP=H�?KOP�KB�PDA�L=EJP

[ ,;HF
�J;4G�64?6H?4G<BAF�7B�Q�A887�GB�@4>8�

[ 3KP=H�?KOP�KB�PDA�L=EJP�EO�PDA�-QI>AN�KB�C=HHKJO�JAA@A@�PEIAO�LNE?A�LAN�C=HHKJ

[ -QI>AN�KB�C=HHKJO�JAA@A@�EO�PDA�3KP=H�=NA=�PK�>A�?KRANA@��HAP�O�QOA�OMQ=NA�BAAP	

@ERE@A@�>U�PDA�?KRAN=CA�LAN�C=HHKJ�KB�L=EJP��-KPA��UKQ�IQOP�NKQJ@�QL�PK�PDA�JATP

BQHH�C=HHKJ�KB�L=EJP�	

[ 3KP=H�=NA=�PK�>A�?KRANA@�EO�PDA�+AJCPD�PEIAO�DAECDP�PEIAO���=@@A@�PK�PDA�SE@PD

PEIAO�DAECDP�PEIAO��

[ /;<6;�?847F�HF�GB
�J;4G�74G4�7B�Q�A887�4F�<ACHG�

[ /NE?A�KB�=�C=HHKJ�KB�L=EJP

[ -QI>AN�KB�OMQ=NA�BAAP�PD=P�=�C=HHKJ�SEHH�?KRAN

[ +AJCPD�KB�PDA�DKQOA

[ 6E@PD�KB�PDA�DKQOA

[ (AECDP�KB�PDA�DKQOA

[ 8KQ�?=J�OAA�PD=P�>U�SKNGEJC�PDA�HKCE?�>=?GS=N@O��SA�?=J�OP=NP�PK�?KILHAPAHU�OAA

SD=P�PDA�LNKCN=I�IQOP�@K��6A�JAA@�PK�AJPAN�OKIA�@=P=��EJLQP	��@K�OKIA

?=H?QH=PEKJO��LNK?AOO	�=J@�@EOLH=U�PDA�NAOQHPO��KQPLQP	�

[ #KLU�EJPK�UKQN�OQ>
BKH@AN��#D=LPAN����KJA�KB�PDA�OKQN?A�?K@A�HEOPEJCO�PD=P�SA

D=RA�QOA@��SA�OQCCAOP�PDA�+=>����OKQN?A�?K@A	�=J@�NAJ=IA�PDA�?KLU�PK�%45

���6CC

[ ,K@EBU�PDA�?K@A�PK�BKHHKS�PDA�2KHQPEKJ�+=>����/OAQ@K?K@A�PTP�\HA�

[ `�=I�FQOP�CKEJC�PK�CERA�UKQ�PDA�HEJA�KB�?K@A�BKN�NKQJ@EJC�QL�PK�PDA�JATP�SDKHA

C=HHKJ�KB�L=EJP��2AA�PDA��$=P=�3ULA�#KJRANOEKJO��IK@QHA�SEPDEJ�#D=LPAN���KB�PDA

#KJJATEKJO�I=PANE=HO��$K�UKQ�QJ@ANOP=J@�SDU�EP�SKNGO�	�

[ GBG4?3:4?3C4<AG���GBG4?�4E84�
�6BI8E4:83:4?3C4<AG�	��������

[ "QEH@��?KILEHA�=J@�NQJ	�UKQN�LNKCN=I��8KQ�D=RA�OQ??AOOBQHHU�SNEPPAJ�PDEO�LNKCN=I

SDAJ�EP�NQJO�SEPD�UKQN�PAOP�@=P=�=J@�CERAO�PDA�LNA@E?PA@�NAOQHPO�

[ !BPAN�UKQ�D=RA�OQ??AOOBQHHU�SNEPPAJ�PDEO�LNKCN=I��EB�UKQ�=NA�P=GEJC�PDEO�?KQNOA�BKN

?KHHACA�?NA@EP��BKHHKS�PDA�EJOPNQ?PEKJO�BNKI�UKQN�LNKBAOOKN�EJOPNQ?PKN�BKN

OQ>IEPPEJC�EP�BKN�CN=@EJC�
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������)EB5?8@F

��������)EB5?8@���4��QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6NEPA�PDA�#���?K@A�PK�@K�PDA�BKHHKSEJC�LOAQ@K?K@A�AT=ILHA�

 K4@C?8������CF8H7B6B78

Prompt the user for his monthly income.

Get the users monthly income.

Multiply the monthly income by 12.

Display the annual income.

Pause the program so the user can see the answer. (HINT: You may call

a function.)

������+B?HG<BAF�GB� K8E6<F8F�<A��;4CG8E��

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+B?HG<BAF�GB�)E46G<68�����4G4���(C8E4GBEF

+B?HG<BA�GB� K8E6<F8������

�AFJ8EF�

�� PNQA

�� B=HOA

�� PNQA

�� PNQA

�� B=HOA�
�/=NAJPDAOAO�?D=JCA�PDA�KN@AN�KB�AR=HQ=PEKJ�EJ�=J�ATLNAOOEKJ�
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�;4CG8E���(9G8A�-F87��4G4�,LC8F

����QAG8:8E��4G4�,LC8

������"8A8E4?��<F6HFF<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�EJPACAN�@=P=�PULA�D=O�PSK�IA=JEJCO�

[ 3DA�EJPACAN�@=P=�PULA�SEPD�EPO�R=NEKQO�IK@EBANO�PD=P�?NA=PA�@E_ANAJP�@KI=EJO

[ 3DA�EJPACAN�B=IEHU�SDE?D�=HOK�EJ?HQ@AO�PDA�"KKHA=J�=J@�?D=N=?PAN�@=P=�PULAO

3DA�EJPACAN�@=P=�PULA�>=OE?=HHU�NALNAOAJPO�SDKHA�JQI>ANO��JK�BN=?PEKJ=H�L=NPO	��3DA

EJPACAN�R=HQAO�FQIL�BNKI�KJA�R=HQA�PK�=JKPDAN��3DANA�EO�JKPDEJC�>APSAAJ���=J@����`P

?KQH@�>A�=OGA@�SDU�JKP�I=GA�=HH�UKQN�JQI>ANO�]K=PEJC�LKEJP�SDE?D�=HHKS�BKN

BN=?PEKJ=H�L=NPO��3DA�NA=OKJ�EO�PSKBKH@��&ENOP��OKIA�PDEJCO�EJ�PDA�NA=H�SKNH@�=NA�JKP

BN=?PEKJ=H��!�@KC��ARAJ�SEPD�KJHU���HACO��EO�OPEHH�KJA���	�@KC�JKP�E�KB�=�@KC��2A?KJ@�

EJPACAN�@=P=�PULA�EO�KBPAJ�QOA@�PK�?KJPNKH�LNKCN=I�BKS�>U�?KQJPEJC��PDQO�PDA�JAA@�BKN

=�@=P=�PULA�PD=P�FQILO�BNKI�KJA�R=HQA�PK�=JKPDAN�

3DA�EJPACAN�@=P=�PULA�D=O�PDA�O=IA�=PPNE>QPAO�=J@�=?PO�KN�>AD=RAO�OEIEH=NHU�EJ�=HH

LNKCN=IIEJC�H=JCQ=CAO��3DA�IKOP�KBPAJ�QOA@�EJPACAN�@=P=�PULA�EJ�#���EO�PDA�OEILHA

EJPACAN�

C++ Reserved Word int

Represent Whole numbers (no fractional parts)

Size Usually 4 bytes

Normal Signage Signed (negative and positive values)

Domain (Values Allowed) -2,147,483,648 to 2, 147,483,647

C++ syntax rule Do not start with a 0 (zero)

C++ syntax rule No decimal point

6EPDEJ�#���PDANA�=NA�R=NEKQO�NAOANRA@�SKN@O�PD=P�?=J�>A�QOA@�PK�IK@EBU�PDA�OEVA�KN

OECJ=CA�KB�=J�EJPACAN��3DAU�EJ?HQ@A��HKJC��ODKNP��OECJA@�=J@�QJOECJA@��2ECJA@�EO�N=NAHU

QOA@�>A?=QOA�EJPACANO�=NA�OECJA@�>U�@AB=QHP�UKQ�IQOP�OLA?EBU�QJOECJA@�EB�UKQ�S=JP

EJPACANO�PD=P�=NA�KJHU�LKOEPERA��/KOOE>HA�?KI>EJ=PEKJO�=NA�
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C++ Reserved Word Combination Signage

short int signed

unsigned short int unsigned

int signed

unsigned int unsigned

long int singed

unsigned long int unsigned

3DA�@KI=EJ�KB�A=?D�KB�PDA�=>KRA�@=P=�PULA�KLPEKJO�R=NEAO�SEPD�PDA�?KILHEAN�>AEJC

QOA@�=J@�PDA�?KILQPAN��3DA�@KI=EJO�R=NU�>A?=QOA�PDA�>UPA�OEVA�=HHK?=PA@�PK�PDA�@=P=

R=NEAO�SEPD�PDA�?KILEHAN�=J@�?KILQPAN��3DEO�A_A?P�EO�GJKSJ�=O�>AEJC@46;<A8

78C8A78AG��!@@EPEKJ=HHU��PDANA�D=RA�>AAJ�OKIA�OEVA�?D=JCAO�SEPD�QLCN=@AO�PK�PDA

H=JCQ=CA��`J��#��PDA�EJP�@=P=�PULA�S=O�=HHK?=PA@���>UPAO�KB�IAIKNU�OPKN=CA�KJ�=J�`JPAH

?KIL=PE>HA�?AJPN=H�LNK?AOOEJC�QJEP��?LQ	�I=?DEJA��`J��#����=J�EJP�EO�=HHK?=PA@���>UPAO�

3DAOA�R=NE=PEKJO�KB�PDA�EJPACAN�@=P=�PULA�=NA�=J�=JJKU=J?A�EJ�#���BKN�=�>ACEJJEJC

LNKCN=IIAN��&KN�=�>ACEJJEJC�LNKCN=IIAN�EP�EO�IKNA�EILKNP=JP�PK�QJ@ANOP=J@�PDA

CAJAN=H�=PPNE>QPAO�KB�PDA�EJPACAN�@=P=�PULA�PD=P�=LLHU�PK�IKOP�LNKCN=IIEJC�H=JCQ=CAO�

�������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA������@46;<A8�78C8A78AG

!J�=PPNE>QPA�KB�=�LNKCN=IIEJC�H=JCQ=CA�PD=P�?D=JCAO�@ALAJ@EJC�KJ�PDA�?KILQPAN�O

#/4�

����!?B4G<A:�)B<AG��4G4�,LC8

������"8A8E4?��<F6HFF<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�]K=PEJC
LKEJP�@=P=�PULA�EO�=�B=IEHU�KB�@=P=�PULAO�PD=P�=?P�=HEGA�=J@�@EBAN�KJHU�EJ�PDA

OEVA�KB�PDAEN�@KI=EJO��PDA�=HHKS=>HA�R=HQAO	��3DA�]K=PEJC
LKEJP�B=IEHU�KB�@=P=�PULAO

NALNAOAJP�JQI>AN�R=HQAO�SEPD�BN=?PEKJ=H�L=NPO��3DAU�=NA�PA?DJE?=HHU�OPKNA@�=O�PSK

EJPACAN�R=HQAO��=@4AG<FF4=J@�=J8KCBA8AG��3DA�]K=PEJC
LKEJP�B=IEHU�D=O�PDA�O=IA
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=PPNE>QPAO�=J@�=?PO�KN�>AD=RAO�OEIEH=NHU�EJ�=HH�LNKCN=IIEJC�H=JCQ=CAO��3DAU�?=J

=HS=UO�OPKNA�JAC=PERA�KN�LKOEPERA�R=HQAO�PDQO�PDAU�=HS=UO�=NA�OECJA@��QJHEGA�PDA�EJPACAN

@=P=�PULA�PD=P�?KQH@�>A�QJOECJA@��3DA7B@4<ABKN�]K=PEJC
LKEJP�@=P=�PULAO�R=NEAO

>A?=QOA�PDAU�?KQH@�NALNAOAJP�RANU�H=NCA�JQI>ANO�KN�RANU�OI=HH�JQI>ANO��1=PDAN�PD=J

P=HG�=>KQP�PDA�=?PQ=H�R=HQAO��SA�IAJPEKJ�PDACE86<F<BA��3DA�IKNA�>UPAO�KB�OPKN=CA�PDA

H=NCAN�PDA�I=JPEOO=�=J@�ATLKJAJP��PDQO�IKNA�LNA?EOEKJ�

3DA�IKOP�KBPAJ�QOA@�]K=PEJC
LKEJP�B=IEHU�@=P=�PULA�QOA@�EJ�#���EO�PDA7BH5?8��"U

@AB=QHP��IKOP�?KILEHANO�?KJRANP�]K=PEJC
LKEJP�?KJOP=JPO�EJPK�PDA�@KQ>HA�@=P=�PULA�BKN

QOA�EJ�?=H?QH=PEKJO��3DA�@KQ>HA�@=P=�PULA�SEHH�OPKNA�FQOP�=>KQP�=JU�JQI>AN�IKOP

>ACEJJEJC�LNKCN=IIANO�SEHH�ARAN�AJ?KQJPAN�

C++ Reserved

Word
double

Represent Numbers with fractional parts

Size Usually 8 bytes

Storage
two parts (always treated together)a mantissa

and an exponent

Normal Signage Signed (negative and positive values)

Domain (Values

Allowed)
±1.7E-308 to ±1.7E308

C++ syntax rule
the presence of a decimal point means it's

floating-point data

6EPDEJ�#���PDANA�=NA�R=NEKQO�NAOANRA@�SKN@O�PD=P�?=J�>A�QOA@�PK�AOP=>HEOD�PDA�OEVA�EJ

>UPAO�KB�=�]K=PEJCLKEJP�@=P=�EPAI��,KNA�>UPAO�IA=J�IKNA�LNA?EOEKJ�

C++ Reserved Word Size

float 1 bytes

double 8 bytes

long double 10 to 12 bytes (varies by machine)

3DA�@KI=EJ�KB�A=?D�KB�PDA�=>KRA�@=P=�PULA�KLPEKJO�R=NEAO�SEPD�PDA�?KILHEAN�>AEJC

QOA@�=J@�PDA�?KILQPAN��3DA�@KI=EJO�R=NU�>A?=QOA�PDA�>UPA�OEVA�=HHK?=PA@�PK�PDA�@=P=
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R=NEAO�SEPD�PDA�?KILEHAN�=J@�?KILQPAN��3DEO�A_A?P�EO�GJKSJ�=O�>AEJC@46;<A8

78C8A78AG�

3DAOA�R=NE=PEKJO�KB�PDA�]K=PEJC
LKEJP�B=IEHU�KB�@=P=�PULAO�=NA�=J�=JJKU=J?A�EJ�#���BKN

=�>ACEJJEJC�LNKCN=IIAN��&KN�=�>ACEJJEJC�LNKCN=IIAN�EP�EO�IKNA�EILKNP=JP�PK

QJ@ANOP=J@�PDA�CAJAN=H�=PPNE>QPAO�KB�PDA�]K=PEJC
LKEJP�B=IEHU�PD=P�=LLHU�PK�IKOP

LNKCN=IIEJC�H=JCQ=CAO�

�������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA������7BH5?8

3DA�IKOP�KBPAJ�QOA@�]K=PEJC
LKEJP�B=IEHU�@=P=�PULA�QOA@�EJ�#���

�8NA<G<BA������CE86<F<BA

3DA�A_A?P�KJ�PDA�@KI=EJ�KB�]K=PEJC
LKEJP�R=HQAO�CERAJ�=�H=NCAN�KN�OI=HHAN�OPKN=CA

=NA=�EJ�>UPAO�

�8NA<G<BA������@4AG<FF4�8KCBA8AG

3DA�PSK�EJPACAN�L=NPO�KB�=�]K=PEJC
LKEJP�R=HQA�

����+GE<A:��4G4�,LC8

������"8A8E4?��<F6HFF<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3A?DJE?=HHU��PDANA�EO�JK�OPNEJC�@=P=�PULA�EJ�PDA�#���LNKCN=IIEJC�H=JCQ=CA��(KSARAN�

PDA�?KJ?ALP�KB�=�OPNEJC�@=P=�PULA�I=GAO�EP�A=OU�PK�D=J@HA�OPNEJCO�KB�?D=N=?PAN�@=P=��!

OEJCHA�?D=N=?PAN�D=O�OKIA�HEIEP=PEKJO��,=JU�@=P=�EPAIO�=NA�JKP�EJPACANO�KN�]K=PEJC


LKEJP�R=HQAO��3DA�IAOO=CA#<�&B@� EO�=�CKK@�AT=ILHA�KB�=�OPNEJC��3DQO��PDA�JAA@�PK

D=J@HA�=�OANEAO�KB�?D=N=?PANO�=O�=�OEJCHA�LEA?A�KB�@=P=��EJ�%JCHEOD�?KNNA?PHU�?=HHA@�=

@=PQI	�

`J�PDA��#��LNKCN=IIEJC�H=JCQ=CA�=HH�OPNEJC�SANA�D=J@HA@�=O�=J�=NN=U�KB�?D=N=?PANO

PD=P�AJ@�EJ�=J�!2#``�JQHH�?D=N=?PAN��PDA�R=HQA���KN�PDA�\NOP�?D=N=?PAN�EJ�PDA�!2#``

?D=N=?PAN�?K@A�OAP	��!OOK?E=PA@�SEPD�K>FA?P�KNEAJPA@�LNKCN=IIEJC�PDA�OPNEJC�?H=OO�D=O

>AAJ�=@@A@�PK�#���=O�=�OP=J@=N@�L=NP�KB�PDA�LNKCN=IIEJC�H=JCQ=CA��3DEO�?D=JCA@

SEPD�PDA�EILHAIAJP=PEKJ�SEPD�OPNEJCO�>AEJC�OPKNA@�=O�=�HAJCPD�?KJPNKHHA@�EPAI�SEPD�=

I=TEIQI�HAJCPD�KB�����?D=N=?PANO��`J?HQ@A@�EJ�PDA�#���OPNEJC�?H=OO�EO�PDA�NAOANRA@

SKN@�KB�OPNEJC�=O�EB�EP�SANA�=�@=P=�PULA��2KIA�>=OE?O�=>KQP�OPNEJCO�EJ?HQ@A�
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C++ Reserved Word string

Represent Series of characters (technically an array)

Size Varies in length

Normal Signage N/A

Domain (Values Allowed) Extended ASCII Character Code Set

C++ syntax rule Double quote marks for constants

Table 4.1 Basics about Strings

&KN�JKS��SA�SEHH�=@@NAOO�KJHU�PDA�QOA�KB�OPNEJCO�=O�?KJOP=JPO��,KOP�IK@ANJ�?KILHEANO

PD=P�=NA�L=NP�KB�=J�`JPACN=PA@�$ARAHKLIAJP�%JRENKJIAJP��`$%	�SEHH�?KHKN�PDA�OKQN?A

?K@A�PK�DAHL�PDA�LNKCN=IIAN�OAA�@E_ANAJP�BA=PQNAO�IKNA�NA=@EHU��"ACEJJEJC

LNKCN=IIANO�SEHH�QOA�OPNEJC�?KJOP=JPO�PK�OAJ@�IAOO=CAO�PK�PDA�IKJEPKN��!�PULE?=H�HEJA

KB�#���?K@A�

cout Ç  "Hi Mom!";

SKQH@�D=RA�PDA��(E�,KI��?KHKNA@��QOQ=HHU�NA@	�PK�AILD=OEVA�PD=P�PDA�EPAI�EO�=�OPNEJC�

�������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA������FGE<A:

!�OANEAO�KN�=NN=U�KB�?D=N=?PANO�=O�=�OEJCHA�LEA?A�KB�@=P=�

�����E<G;@8G<6��FF<:A@8AG�(C8E4GBEF

������(I8EI<8J�B9��E<G;@8G<6��FF<:A@8AG

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�\RA4E<G;@8G<6�4FF<:A@8AGKLAN=PKNO�=NA�=�BKNI�KB�ODKNP�D=J@��5=NEKQO

PATP>KKGO�?=HH�PDAI��?KI�LKQJ@�=OOECJIAJP�KLAN=PKNO��KN��?KI>EJA@�=OOECJIAJP

KLAN=PKNO���3DAEN�QO=CA�?=J�>A�ATLH=EJA@�EJ�PANIO�KB�PDA�=OOECJIAJP�KLAN=PKN�=J@�PDA

=NEPDIAPE?�KLAN=PKNO��`J�PDA�P=>HA�SA�SEHH�QOA�PDA�R=NE=>HA�=CA�=J@�UKQ�?=J�=OOQIA

PD=P�EP�EO�KB�EJPACAN�@=P=�PULA�
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Arithmetic assignment examples: Equivalent code:

age += l4; age = age + l4;

age -= l4; age = age -l4;

age *= 14; age = age * 14;

age /= 14; age = age / 14;

age %= 14; age = age % 14;

Table 4.2 Arithmetic assignment

�������8@BAFGE4G<BA�)EB:E4@�<A��		

���������E84G<A:�4�!B?78E�BE�+H5�!B?78E�9BE�+BHE68��B78�!<?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$ALAJ@EJC�KJ�UKQN�?KILEHAN�`$%��UKQ�ODKQH@�@A?E@A�SDANA�PK�@KSJHK=@�=J@�OPKNA

OKQN?A�?K@A�\HAO�BKN�LNK?AOOEJC��/NQ@AJ?A�@E?P=PAO�PD=P�UKQ�?NA=PA�PDAOA�BKH@ANO�=O

JAA@A@�LNEKN�PK�@KSJHK=@EJC�OKQN?A�?K@A�\HAO��!�OQCCAOPA@�OQ>
BKH@AN�BKN�PDA

�?BB7F;87��8I��		���6B@C<?8E
Q� IECDP�>A�J=IA@�

[ $AIK�/NKCN=IO

`B�UKQ�D=RA�JKP�@KJA�OK��LHA=OA�?NA=PA�PDA�BKH@AN�O	�=J@�KN�OQ>
BKH@AN�O	�=O

=LLNKLNE=PA�

���������BJA?B47�G;8��8@B�)EB:E4@

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$KSJHK=@�=J@�OPKNA�PDA�BKHHKSEJC�\HA�O	�PK�UKQN�OPKN=CA�@ARE?A�EJ�PDA�=LLNKLNE=PA

BKH@AN�O	��&KHHKSEJC�PDA�IAPDK@O�KB�UKQN�?KILEHAN�`$%��?KILEHA�=J@�NQJ�PDA

LNKCN=I�O	��2PQ@U�PDA�OKNQ?A�?K@A�\HA�O	�EJ�?KJFQJ?PEKJ�SEPD�KPDAN�HA=NJEJC�I=PANE=HO�

� Demo_Arithmetic_Assignment.cpp(http://www.opentextbooks.org.hk/system/files/resource/5/5
267/5393/media/Demo_Arithmetic_Assignment.cpp.txt)
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����%I4?H8���*I4?H8

�������<F6HFF<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DAU�NABAN�PK�KJ�PDA�HABP�=J@�NECDP�OE@A�KB�PDA�=OOECJIAJP�KLAN=PKN��3DA%I4?H8

�LNKJKQJ?A@��+�R=HQA	�?KJ?ALP�NABANO�PK�PDA�NAMQENAIAJP�PD=P�PDA�KLAN=J@�KJ�PDA�HABP

OE@A�KB�PDA�=OOECJIAJP�KLAN=PKN�EO�IK@EB=>HA��QOQ=HHU�=�R=NE=>HA�*I4?H8 ?KJ?ALP�LQHHO

KN�BAP?DAO�PDA�R=HQA�KB�PDA�ATLNAOOEKJ�KN�KLAN=J@�KJ�PDA�NECDP�OE@A�KB�PDA�=OOECJIAJP

KLAN=PKN��2KIA�AT=ILHAO�

 K4@C?8����

int age;     // variable set up

then later in the program

age = 39;

3DA�R=HQA����EO�LQHHA@�KN�BAP?DA@��1R=HQA	�=J@�OPKNA@�EJPK�PDA�R=NE=>HA�J=IA@�=CA

�+R=HQA	��@AOPNKUEJC�PDA�R=HQA�LNAREKQOHU�OPKNA@�EJ�PD=P�R=NE=>HA�

 K4@C?8����

int age;              // variable set up

int voting age = l8;  // variable set up with initialization

then later in the program

age = voting age;

`B�PDA�ATLNAOOEKJ�D=O�=�R=NE=>HA�KN�J=IA@�?KJOP=JP�KJ�PDA�NECDP�OE@A�KB�PDA�=OOECJIAJP

KLAN=PKN��EP�SKQH@�LQHH�KN�BAP?D�PDA�R=HQA�OPKNA@�EJ�PDA�R=NE=>HA�KN�?KJOP=JP��3DA�R=HQA

���EO�LQHHA@�KN�BAP?DA@�BNKI�PDA�R=NE=>HA�J=IA@�RKPEJC�=CA�=J@�OPKNA@�EJPK�PDA

R=NE=>HA�J=IA@�=CA�

 K4@C?8����

age < 17;

`B�PDA�ATLNAOOEKJ�EO�=G8FG�8KCE8FF<BAKN�BB?84A�8KCE8FF<BA��PDA�?KJ?ALP�EO�OPEHH�=J

1R=HQA�KJA��3DA�R=HQA�EJ�PDA�E@AJPE\AN�J=IA@�=CA�EO�LQHHA@�KN�BAP?DA@�=J@�QOA@�EJ�PDA

NAH=PEKJ=H�?KIL=NEOKJ�KB�HAOO�PD=J�

 K4@C?8����

const int JACK BENNYS AGE = 39; // constant set up

then later in the program

52

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


JACK BENNYS AGE = 65;

3DEO�EO�EHHAC=H�>A?=QOA�PDA�E@AJPE\AN�)!#*�"%--82�!'%�@KAO�JKP�D=RA�+R=HQA

LNKLANPEAO��`P�EO�JKP�=�IK@EB=>HA�@=P=�K>FA?P��>A?=QOA�EP�EO�=�?KJOP=JP�

2KIA�QOAO�KB�PDA�+R=HQA�=J@�1R=HQA�?=J�>A�?KJBQOEJC�

 K4@C?8����

int oldest = 55; // variable set up with initialization

then later in the program

age = oldest++;

/KOPBT�EJ?NAIAJP�O=UO�PK�QOA�IU�ATEOPEJC�R=HQA�PDAJ�SDAJ�UKQ�=NA�@KJA�SEPD�PDA�KPDAN

KLAN=PKNO��EJ?NAIAJP�IA��3DQO��PDA�\NOP�QOA�KB�PDA�KH@AOP�R=NE=>HA�EO�=J�1R=HQA�?KJPATP

SDANA�PDA�ATEOPEJC�R=HQA�KB����EO�LQHHA@�KN�BAP?DA@�=J@�PDAJ�=OOECJA@�PK�PDA�R=NE=>HA

=CA��=J�+R=HQA�?KJPATP��3DA�OA?KJ@�QOA�KB�PDA�KH@AOP�R=NE=>HA�EO�=J�+R=HQA�?KJPATP

SDANA�EJ�PDA�R=HQA�KB�KH@AOP�EO�EJ?NAIAJPA@�BNKI����PK����

�������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA������%I4?H8

3DA�NAMQENAIAJP�PD=P�PDA�KLAN=J@�KJ�PDA�HABP�OE@A�KB�PDA�=OOECJIAJP�KLAN=PKN�EO

IK@EB=>HA��QOQ=HHU�=�R=NE=>HA�

�8NA<G<BA������*I4?H8

/QHHO�KN�BAP?DAO�PDA�R=HQA�OPKNA@�EJ�=�R=NE=>HA�KN�?KJOP=JP�

����QAG8:8E��<I<F<BA�4A7�&B7H?HF

������(I8EI<8J�B9�QAG8:8E��<I<F<BA�4A7�&B7H?HF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

"U�PDA�PEIA�SA�NA=?D�=@QHPDKK@��SA�JKNI=HHU�PDEJG�KB�@EREOEKJ�=O�NAOQHPEJC�EJ�=J

=JOSAN�PD=P�IECDP�D=RA�=�BN=?PEKJ=H�L=NP��=�]K=PEJC
LKEJP�@=P=�PULA	��3DEO�PULA�KB

@EREOEKJ�EO�GJKSJ�=O�]K=PEJC
LKEJP�@EREOEKJ��(KSARAN��@EREOEKJ�SDAJ�>KPD�KLAN=J@O�=NA

KB�PDA�EJPACAN�@=P=�PULA�=?PO�@E_ANAJPHU�KJ�IKOP�?KILQPANO�=J@�EO�?=HHA@��EJPACAN

@EREOEKJ��6EPDEJ�PDA�#���LNKCN=IIEJC�H=JCQ=CA�PDA�BKHHKSEJC�ATLNAOOEKJ�@KAO�JKP�CERA

PDA�=JOSAN�KB������KN������	�

 K4@C?8����

������

53

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


"A?=QOA�>KPD�KLAN=J@O�=NA�KB�PDA�EJPACAN�@=P=�PULA�PDA�AR=HQ=PEKJ�KB�PDA�ATLNAOOEKJ

�KN�=JOSAN	�SKQH@�>A���SEPD�JK�BN=?PEKJ=H�L=NP��EP�CAPO�PDNKSJ�=S=U	��!C=EJ��PDEO�PULA�KB

@EREOEKJ�EO�?=HH�EJPACAN�@EREOEKJ�=J@�EP�EO�SD=P�UKQ�HA=NJA@�EJ�CN=@A�O?DKKH�PDA�\NOP�PEIA

UKQ�HA=NJA@�=>KQP�@EREOEKJ�

�8NA<G<BA������<AG8:8E�7<I<F<BA

$EREOEKJ�SEPD�JK�BN=?PEKJ=H�L=NPO�

!<:HE8���� QAG8:8E�7<I<F<BA�4F�?84EA87�<A�:E478�F6;BB?�

`J�PDA�NA=H�SKNH@�KB�@=P=�I=JELQH=PEKJ�PDANA�=NA�OKIA�PDEJCO�PD=P�=NA�=HS=UO�D=J@HA@

EJ�SDKHA�QJEPO�KN�JQI>ANO��EJPACAN�@=P=�PULA	�!E46G<BAF�=HFG�7BA�G�8K<FG��3K�EHHQOPN=PA

KQN�AT=ILHA��`�D=RA����@KHH=N�?KEJO�PK�@EOPNE>QPA�AMQ=HHU�PK�IU���?DEH@NAJ��(KS�I=JU�@K

PDAU�A=?D�CAP��!JOSAN�EO���SEPD�IA�OPEHH�D=REJC���HABP�KRAN��KN�SEPD���OPEHH�NAI=EJEJC�EJ

IU�D=J@	��3DA�=JOSAN�EO�JKP���E�A=?D�KN������BKN�A=?D�?DEH@��3DA�@KHH=N�?KEJO�=NA�JKP

@EREOE>HA�EJPK�BN=?PEKJ=H�LEA?AO��$KJ�P�PNU�PDEJGEJC�KQP�KB�PDA�>KT�=J@�LNAPAJ@�UKQ�NA�=

LEN=PA��4OEJC�=J�=TA�=J@�?DKLLEJC�PDA���NAI=EJEJC�?KEJO�EJPK�LEA?AO�KB�AECDP��3DAJ�

CEREJC�A=?D�?DEH@���?KEJO�=J@���LEA?AO�KB�AECDP�KN�������KN���E�KN�������`B�UKQ�@K�PDEJG�PDEO

S=U��`�SEHH�?D=JCA�IU�AT=ILHA�PK�?=JO�KB�PKI=PK�OKQL��`�@=NA�UKQ�PK�PNU�=J@�?DKL�QL

PDNAA�?=JO�KB�OKQL�=J@�CERA�A=?D�GE@�E�KB�=�?=J��"APPAN�UAP��HEREJC�PDEJCO�HEGA�LQLLU

@KCO��!BPAN�UKQ�@ERE@A�PDAI�QL�SEPD�=J�=TA��IKOP�?DEH@NAJ�SEHH�JKP�S=JP�PDA�E�KB�=�@KC�

6D=P�EO�IK@QHQO��`P�O�PDA�KPDAN�L=NP�KB�PDA�=JOSAN�BKN�EJPACAN�@EREOEKJ��`P�O�PDA

NAI=EJ@AN��1AIAI>AN�EJ�CN=@A�O?DKKH�UKQ�SKQH@�O=U���%HARAJ�@ERE@A@�>U�BKQN�EO�PSK

NAI=EJ@AN�PDNAA���`J�#���LNKCN=IIEJC�H=JCQ=CA�PDA�OUI>KH�BKN�PDA�IK@QHQO�KLAN=PKN

EO�PDA�LAN?AJP�OECJ���	�

 K4@C?8����

�����

3DQO��PDA�=JOSAN�KN�R=HQA�KB�PDEO�ATLNAOOEKJ�EO���KN�PDA�NAI=EJ@AN�L=NP�KB�EJPACAN

@EREOEKJ�

�8NA<G<BA������@B7H?HF

3DA�NAI=EJ@AN�L=NP�KB�EJPACAN�@EREOEKJ��,=JU�?KILEHANO�NAMQENA�PD=P�UKQ�D=RA�EJPACAN

KLAN=J@O�KJ�>KPD�OE@AO�KB�PDA�IK@QHQO�KLAN=PKN�KN�UKQ�SEHH�CAP�=�?KILEHAN�ANNKN��`J

KPDAN�SKN@O��EP�@KAO�JKP�I=GA�OAJOA�PK�QOA�PDA�IK@QHQO�KLAN=PKN�SEPD�]K=PEJC
LKEJP

KLAN=J@O��$KJ�P�HAP�PDA�BKHHKSEJC�EPAIO�?KJBQOA�UKQ�

 K4@C?8����

�������SDE?D�EO�@E_ANAJP�BNKI�������
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(KS�I=JU�PEIAO�?=J�UKQ�@ERE@A����EJPK����2ET�@ERE@A@�>U����EO�VANK��3DEO�EO�@E_ANAJP

BNKI��6D=P�EO�PDA�NAI=EJ@AN�KB���@ERE@A@�>U�����2ET��PDA�NAI=EJ@AN�L=NP�CERAJ�>U

IK@QHQO�

 K8E6<F8������

 I4?H4G8�G;8�9B??BJ<A:�7<I<F<BA�8KCE8FF<BAF�

�� ������

�� ������

�� �������

 K8E6<F8������

 I4?H4G8�G;8�9B??BJ<A:�@B7H?HF�8KCE8FF<BAF�

�� ������

�� ������

�� �������

�������8@BAFGE4G<BA�)EB:E4@�<A��		

���������E84G<A:�4�!B?78E�BE�+H5�!B?78E�9BE�+BHE68��B78�!<?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$ALAJ@EJC�KJ�UKQN�?KILEHAN�`$%��UKQ�ODKQH@�@A?E@A�SDANA�PK�@KSJHK=@�=J@�OPKNA

OKQN?A�?K@A�\HAO�BKN�LNK?AOOEJC��/NQ@AJ?A�@E?P=PAO�PD=P�UKQ�?NA=PA�PDAOA�BKH@ANO�=O

JAA@A@�LNEKN�PK�@KSJHK=@EJC�OKQN?A�?K@A�\HAO��!�OQCCAOPA@�OQ>
BKH@AN�BKN�PDA

�?BB7F;87��8I��		���6B@C<?8E
Q� IECDP�>A�J=IA@�

[ $AIK</NKCN=IO

`B�UKQ�D=RA�JKP�@KJA�OK��LHA=OA�?NA=PA�PDA�BKH@AN�O	�=J@�KN�OQ>
BKH@AN�O	�=O

=LLNKLNE=PA�

���������BJA?B47�G;8��8@B�)EB:E4@

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$KSJHK=@�=J@�OPKNA�PDA�BKHHKSEJC�\HA�O	�PK�UKQN�OPKN=CA�@ARE?A�EJ�PDA�=LLNKLNE=PA

BKH@AN�O	��&KHHKSEJC�PDA�IAPDK@O�KB�UKQN�?KILEHAN�`$%��?KILEHA�=J@�NQJ�PDA

LNKCN=I�O	��2PQ@U�PDA�OKNQ?A�?K@A�\HA�O	�EJ�?KJFQJ?PEKJ�SEPD�KPDAN�HA=NJEJC�I=PANE=HO�

� Demo_Integer_Division_and_Modulus.cpp(http://www.opentextbooks.org.hk/system/files/reso
urce/5/5267/5401/media/Demo_Integer_Division_and_Modulus.cpp.txt)
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����)E46G<68����(9G8A�-F87��4G4�,LC8F

������%84EA<A:�(5=86G<I8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6EPD������=??QN=?U�@QNEJC�=��IAIKNU�>QEH@EJC�=?PEREPU��ATAN?EOAO��H=>�=OOECJIAJP�

LNK>HAIO��KN�PEIA@�MQEV�AT=I��PDA�OPQ@AJP�EO�ATLA?PA@�PK�

�� $A\JA�PDA�PANIO�KJ�PDA�@A\JEPEKJO�=O�HEOPA@�EJ�PDA�IK@QHAO�=OOK?E=PA@�SEPD�PDEO

?D=LPAN�

�� $AOECJ�=�LNKCN=I��PK�EJ?HQ@A��QJ@ANOP=J@EJC�PDA�LNK>HAI��?KILHAPEJC�`JPANJAP

NAOA=N?D�=O�=LLNKLNE=PA��?NA=PA�=�LOAQ@K?K@A�@K?QIAJP�=J@�?NA=PA�=�PAOP�@=P=

@K?QIAJP�

�� 6NEPA�PDA�#���?K@A�BKN�=�LNKCN=I�QOEJC�=LLNKLNE=PA�LH=JJEJC�@K?QIAJP=PEKJ�PD=P

UKQ�KN�=JKPDAN�D=O�@AOECJA@�

������&8@BEL��H<?7<A:��6G<I<G<8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

,"!���

����

2AA�PDA�\HA�=P��DPPL���?JT�KNC�?KJPAJP�I������H=PAOP�EJ@AT�DPIH�

����

������ K8E6<F8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

 K8E6<F8������

�AFJ8E�G;8�9B??BJ<A:�FG4G8@8AGF�4F�8<G;8E�GEH8�BE�94?F8�

�� `JPACAN�@=P=�PULAO�=NA�OPKNA@�SEPD�=�I=JPEOO=�=J@�=J�ATLKJAJP�

�� 2PNEJCO�=NA�E@AJPEBA@�>U�OEJCHA�MQKPA�I=NGO�

�� !J�KLAN=J@�EO�=�R=HQA�PD=P�NA?AERAO�PDA�KLAN=PKN�O�=?PEKJ�

�� !NEPDIAPE?�=OOECJIAJP�EO�=�ODKNPAN�S=U�PK�SNEPA�OKIA�ATLNAOOEKJO�

�� `JPACAN�@EREOEKJ�EO�N=NAHU�QOA@�EJ�?KILQPAN�LNKCN=IIEJC�

������&<F68??4A8BHF�QG8@F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

-KJA�=P�PDEO�PEIA�

56

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


������%45��FF<:A@8AG

���������E84G<A:�4�!B?78E�BE�+H5�!B?78E�9BE��;4CG8E����!<?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$ALAJ@EJC�KJ�UKQN�?KILEHAN�`$%��UKQ�ODKQH@�@A?E@A�SDANA�PK�@KSJHK=@�=J@�OPKNA

OKQN?A�?K@A�\HAO�BKN�LNK?AOOEJC��/NQ@AJ?A�@E?P=PAO�PD=P�UKQ�?NA=PA�PDAOA�BKH@ANO�=O

JAA@A@�LNEKN�PK�@KSJHK=@EJC�OKQN?A�?K@A�\HAO��!�OQCCAOPA@�OQ>
BKH@AN�BKN�PDA

�?BB7F;87��8I��		���6B@C<?8E
Q� IECDP�>A�J=IA@�

[ #D=LPAN����SEPDEJ�PDA�BKH@AN�J=IA@��#LL�2KQN?A�#K@A�&EHAO

`B�UKQ�D=RA�JKP�@KJA�OK��LHA=OA�?NA=PA�PDA�BKH@AN�O	�=J@�KN�OQ>
BKH@AN�O	�=O

=LLNKLNE=PA�

���������8G4<?87�%45�QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

1A=@�=J@�BKHHKS�PDA�@ENA?PEKJO�>AHKS�?=NABQHHU��=J@�LANBKNI�PDA�OPALO�EJ�PDA�KN@AN

HEOPA@�

[ 3DA�/NK>HAI�3=OG�`�D=RA�=�BNEAJ@�SDK�EO�REOEPEJC�BNKI�%QNKLA�=J@�DA�@KAO�JKP

QJ@ANOP=J@�&=DNAJDAEP�PAILAN=PQNAO��6A�JAA@�PK�SNEPA�=�LNKCN=I�PD=P�=HHKSO

DEI�PK�AJPAN�PDA�PAILAN=PQNA�EJ�&=DNAJDAEP��=O�=JJKQJ?A@�KJ�35�KN�N=@EK	�=J@

?KJRANP�EP�PK�#AHOEQO��#HQA����&=DNAJDAEP�S=PAN�BNAAVAO�=P����@ACNAAO�=J@�>KEHO�=P

����@ACNAAO��#AHOEQO�S=PAN�BNAAVAO�=�VANK���	�@ACNAAO�=J@�>KEHO�=P�����@ACNAAO�

'KKCHA�PDA�EJPANJAP��DKS�PK�?KJRANP�&=DNAJDAEP�PK�#AHOEQO	�EB�UKQ�JAA@�IKNA�DAHL�

#HQA����8KQ�?=J�=HOK�QOA�`JPANJAP�OEPAO�PK�@K�=�?KJRANOEKJ�=J@�PDQO�?NA=PA�UKQN

PAOP�@=P=�

[ 8KQ�KJHU�JAA@�PSK�R=NE=>HAO�EJ�PDEO�LNKCN=I��&=DNAJDAEP�=J@�#AHOEQO�>KPD�KB

SDE?D�ODKQH@�>A�PDA�EJPACAN�@=P=�PULA��6DAJ�UKQ�?KJRANP�PDA�&=DNAJDAEP�PK

#AHOEQO�UKQ�SEHH�JAA@�PK�QOA�=�]K=PEJC
LKEJP�ATLNAOOEKJ�@KEJC�]K=PEJC
LKEJP

?=H?QH=PEKJO�BKN�LNA?EOEKJ��!@@EPEKJ=HHU�SA�S=JP�PK�NKQJ@�QL�KN�@KSJ�PDA�#AHOEQO

=JOSAN�>U�=@@EJC�����PK�PDA�?=H?QH=PEKJ�ATLNAOOEKJ�

[ 6EPDEJ�UKQN�OQ>
BKH@AN��#D=LPAN����UKQ�SEHH�JAA@�PK�?NA=PA�PDNAA�\HAO�

%453��3)F8H7B6B78�GKG=J@%453��3,8FG3�4G4�GKG=J@%453���6CC -.3%��`P�SEHH

>A�A=OEAN�PK�?KLU�OKIA�LNAREKQO�\HAO�BNKI�=JKPDAN�=OOECJIAJP�=J@�QOA�PDKOA

?KLEAO�>U�NAJ=IEJC�PDAI�=J@�IK@EBUEJC�PDAI�=O�=LLNKLNE=PA��3DA�LNKBAOOKN�EO

ATLA?PEJC�PDA�EPAIO�UKQ�?NA=PA�PK�D=RA�=�OEIEH=N�BKNI=P�PK�PDKOA�SA�D=RA�>AAJ

QOEJC�EJ�PDA�?KQNOA�

[ #NA=PA�UKQN�LOAQ@K?K@A��PAOP�@=P=�=J@�OKQN?A�?K@A�\HAO�

[ "QEH@��?KILEHA�=J@�NQJ	�UKQN�LNKCN=I��8KQ�D=RA�OQ??AOOBQHHU�SNEPPAJ�PDEO�LNKCN=I

SDAJ�EP�NQJO�SEPD�UKQN�PAOP�@=P=�=J@�CERAO�PDA�LNA@E?PA@�NAOQHPO�

57

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


[ !BPAN�UKQ�D=RA�OQ??AOOBQHHU�SNEPPAJ�PDEO�LNKCN=I��EB�UKQ�=NA�P=GEJC�PDEO�?KQNOA�BKN

?KHHACA�?NA@EP��BKHHKS�PDA�EJOPNQ?PEKJO�BNKI�UKQN�LNKBAOOKN�EJOPNQ?PKN�BKN

OQ>IEPPEJC�EP�BKN�CN=@EJC�

������)EB5?8@F

��������)EB5?8@���4���QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$A?E@A�KJ�PDA�@=P=�PULA�=J@�E@AJPE\AN�J=IAO�BKN�PDA�BKHHKSEJC�

/NK>HAI��!�IAJ�O�?HKPDEJC�OPKNA�PD=P�?=PANO�PK�PDA�RANU�NE?D�S=JPO�PK�?NA=PA�=�@=P=

>=OA�BKN�EPO�?QOPKIANO�PD=P�NA?KN@O�?HKPDEJC�IA=OQNAIAJPO��3DAU�JAA@�PK�NA?KN@

EJBKNI=PEKJ�BKN�ODKAO��OK?GO��L=JPO��@NAOO�ODENPO�=J@�?=OQ=H�ODENPO��(`-3��8KQ�I=U

JAA@�IKNA�PD=J���@=P=�EPAIO�

������+B?HG<BAF�GB� K8E6<F8F�<A��;4CG8E��

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+B?HG<BA�GB� K8E6<F8������

�AFJ8EF�

�� �

�� �

�� ����>A?=QOA�KJA�KB�PDA�KLAN=J@O�EO�=�]K=PEJC
LKEJP�R=HQA��EP�EO�JKP�EJPACAN�@EREOEKJ

+B?HG<BA�GB� K8E6<F8������

�AFJ8EF�

�� �

�� �

�� �ANNKN��>A?=QOA�IKOP�?KILEHANO�NAMQENA�>KPD�KLAN=J@O�PK�>A�KB�PDA�EJPACAN�@=P=

PULA

+B?HG<BAF�GB�)E46G<68� ��(9G8A�-F87��4G4�,LC8F

+B?HG<BA�GB� K8E6<F8������

�AFJ8EF�

�� B=HOA

�� B=HOA

�� PNQA

�� PNQA

�� B=HOA

58

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


�;4CG8E���QAG8:E4G87��8I8?BC@8AG

 AI<EBA@8AG

����QAG8:E4G87��8I8?BC@8AG� AI<EBA@8AG

������Q� �(I8EI<8J

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

(ECD
HARAH�H=JCQ=CA�LNKCN=IO�=NA�QOQ=HHU�SNEPPAJ��?K@A@	�=O�!2#``�PATP�EJPK�=�OKQN?A

?K@A�\HA��!�QJEMQA�\HA�ATPAJOEKJ��%T=ILHAO���=OI��?K>��BKN��L=O��?��?LL	�EO�QOA@�PK

E@AJPEBU�EP�=O�=�OKQN?A�?K@A�\HA��!O�UKQ�?=J�CQAOO�BKN�KQN�AT=ILHAO�!OOAI>HU��#.".+�

&.131!-��/=O?=H���#��=J@��#����DKSARAN��PDAU�=NA�FQOP�!2#``�PATP�\HAO��KPDAN�PATP�\HAO

QOQ=HHU�QOA�PDA�ATPAJOEKJ�KB��PTP	��3DA�OKQN?A�?K@A�LNK@Q?A@�>U�PDA�LNKCN=IIAN�IQOP

>A�?KJRANPA@�PK�=J�ATA?QP=>HA�I=?DEJA�?K@A�\HA�OLA?EB?=HHU�BKN�PDA�?KILQPAN�O�#/4

�QOQ=HHU�=J�`JPAH�KN�`JPAH�?KIL=PE>HA�#/4�SEPDEJ�PK@=U�O�SKNH@�KB�IE?NK�?KILQPANO	�

3DANA�=NA�OARAN=H�OPALO�EJ�CAPPEJC�=�LNKCN=I�BNKI�EPO�OKQN?A�?K@A�OP=CA�PK�NQJJEJC�PDA

LNKCN=I�KJ�UKQN�?KILQPAN��(EOPKNE?=HHU��SA�D=@�PK�QOA�OARAN=H�OKBPS=NA�LNKCN=IO��=

PATP�A@EPKN��=�?KILEHAN��=�HEJGAN�=J@�KLAN=PEJC�OUOPAI�?KII=J@O	�PK�I=GA�PDA

?KJRANOEKJ�=J@�NQJ�KQN�LNKCN=I��(KSARAN��PK@=U�=HH�PDKOA�OKBPS=NA�LNKCN=IO�SEPD

PDAEN�=OOK?E=PA@�P=OGO�D=RA�>AAJ�EJPACN=PA@�EJPK�KJA�LNKCN=I�QOQ=HHU�?=HHA@�=

?KILEHAN��(KSARAN��PDEO�KJA�?KILEHAN�LNKCN=I�EO�NA=HHU�I=JU�OKBPS=NA�EPAIO�PD=P

?NA=PA�=J8AI<EBA@8AGQOA@�>U�LNKCN=IIANO�PK78I8?BC OKBPS=NA��3DQO�PDA�J=IA�

`AG8:E4G87��8I8?BC@8AG� AI<EBA@8AGKN�`$%�

3DA�BKHHKSEJC�BCQNA�ODKSO�PDA�LNKCNAOOEKJ�KB�=?PEREPU�EJ�=J�`$%�=O�=�LNKCN=IIAN

AJPANO�PDA�OKQN?A�?K@A�=J@�PDAJ�@ENA?PO�PDA�`$%�PK�?KILEHA�=J@�NQJ�PDA�LNKCN=I�

59

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


�

!<:HE8���� QAG8:E4G87��8I8?BC@8AG� AI<EBA@8AG�BE�Q� 

4LKJ�OP=NPEJC�PDA�`$%�OKBPS=NA�PDA�LNKCN=IIAN�QOQ=HHU�EJ@E?=PAO�DA�S=JPO�PK�KLAJ�=

\HA�BKN�A@EPEJC�=O�OKQN?A�?K@A��!O�PDAU�I=GA�?D=JCAO�PDAU�IECDP�AEPDAN�@K�=��O=RA�=O�

KN��O=RA���6DAJ�PDAU�D=RA�BJEODA@�AJPANEJC�PDA�OKQN?A�?K@A��PDAU�QOQ=HHU�@ENA?P�PDA

`$%�PK��?KILEHA���NQJ��PDA�LNKCN=I��3DA�`$%�@KAO�PDA�BKHHKSEJC�OPALO�

�� `B�PDANA�=NA�=JU�QJO=RA@�?D=JCAO�PK�PDA�OKQN?A�?K@A�\HA�EP�D=O�PDAG8FG�87<GBE

O=RA�PDA�?D=JCAO�

�� 3DA6B@C<?8EKLAJO�PDA�OKQN?A�?K@A�\HA�=J@�@KAO�EPONEFG�FG8CSDE?D�EO

ATA?QPEJC�PDACE8�CEB68FFBE6B@C<?8E@ENA?PERAO�=J@�KPDAN�OPALO�JAA@A@�PK�CAP

PDA�\HA�NA=@U�BKN�PDA�OA?KJ@�OPAL��3DA�EJ?HQ@A�SEHH�EJOANP�DA=@AN�\HAO�EJPK�PDA�?K@A

=P�PDEO�LKEJP��`B�EP�AJ?KQJPANO�=J�ANNKN��EP�OPKLO�PDA�LNK?AOO�=J@�NAPQNJO�PDA�QOAN�PK

PDA�OKQN?A�?K@A�\HA�SEPDEJ�PDA�PATP�A@EPKN�SEPD�=J�ANNKN�IAOO=CA��`B�JK�LNK>HAIO

AJ?KQJPANA@�EP�O=RAO�PDA�OKQN?A�?K@A�PK�=�PAILKN=NU�\HA�?=HHA@�=�PN=JOH=PEKJ�QJEP�

�� 3DA6B@C<?8EKLAJO�PDA�PN=JOH=PEKJ�QJEP�\HA�=J@�@KAO�EPO�OA?KJ@�OPAL�SDE?D�EO

?KJRANPEJC�PDA�LNKCN=IIEJC�H=JCQ=CA�?K@A�PK�I=?DEJA�EJOPNQ?PEKJO�BKN�PDA�#/4�

=�@=P=�=NA=�=J@�=�HEOP�KB�EPAIO�PK�>A�NAOKHRA@�>U�PDA�HEJGAN��!JU�LNK>HAIO

AJ?KQJPA@��QOQ=HHU�=�OUJP=T�KN�REKH=PEKJ�KB�PDA�LNKCN=IIEJC�H=JCQ=CA�NQHAO	

OPKLO�PDA�LNK?AOO�=J@�NAPQNJO�PDA�QOAN�PK�PDA�OKQN?A�?K@A�\HA�SEPDEJ�PDA�PATP

A@EPKN�SEPD�=J�ANNKN�IAOO=CA��`B�JK�LNK>HAIO�AJ?KQJPANA@�EP�O=RAO�PDA�I=?DEJA

EJOPNQ?PEKJO��@=P=�=NA=�=J@�HEJGAN�NAOKHQPEKJ�HEOP�=O�=J�K>FA?P�\HA�

�� 3DA?<A>8EKLAJO�PDA�LNKCN=I�K>FA?P�\HA�=J@�HEJGO�EP�SEPD�PDA�HE>N=NU�K>FA?P�\HAO�=O

JAA@A@��4JHAOO�=HH�HEJGAN�EPAIO�=NA�NAOKHRA@��PDA�LNK?AOO�OPKLO�=J@�NAPQNJO�PDA

QOAN�PK�PDA�OKQN?A�?K@A�\HA�SEPDEJ�PDA�PATP�A@EPKN�SEPD�=J�ANNKN�IAOO=CA��`B�JK

LNK>HAIO�AJ?KQJPANA@�EP�O=RAO�PDA�HEJGA@�K>FA?PO�=O�=J�ATA?QP=>HA�\HA�

60



�� 3DA�`$%�@ENA?PO�PDA�KLAN=PEJC�OUOPAI�O�LNKCN=I�?=HHA@�PDA?B478EPK�HK=@�PDA

ATA?QP=>HA�\HA�EJPK�PDA�?KILQPAN�O�IAIKNU�=J@�D=RA�PDA�#AJPN=H�/NK?AOOEJC�4JEP

�#/4	�OP=NP�LNK?AOOEJC�PDA�EJOPNQ?PEKJO��!O�PDA�QOAN�EJPAN=?PO�SEPD�PDA�LNKCN=I�

AJPANEJC�DEO�PAOP�@=P=��DA�IECDP�@EO?KRAN�PD=P�PDA�KQPLQPO�=NA�JKP�?KNNA?P��3DAOA

PULAO�KB�ANNKNO�=NA�?=HHA@�HKCE?�ANNKNO�=J@�SKQH@�NAMQENA�DEI�PK�NAPQNJ�PK�PDA

OKQN?A�?K@A�PK�?D=JCA�PDA�=HCKNEPDI�

������*8FB?I<A:� EEBEF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$AOLEPA�KQN�>AOP�ABKNPO�=P�>A?KIEJC�LANBA?P�LNKCN=IIANO��SA�SEHH�?NA=PA�ANNKNO�

2KHREJC�PDAOA�ANNKNO�EO�GJKSJ�=O785H::<A: UKQN�LNKCN=I��3DA�PDNAA�PULAO�KB�ANNKNO

EJ�PDA�KN@AN�PD=P�PDAU�K??QN�=NA�

�� #KILEHAN

�� +EJGAN

�� +KCE?

3DANA�=NA�PSK�PULAO�KB�?KILEHAN�ANNKNO��LNA
LNK?AOOKN���OP�OPAL	�=J@�?KJRANOEKJ���J@

OPAL	��!�NAREAS�KB�&ECQNA���=>KRA�ODKSO�PDA�BKQN�=NNKSO�NAPQNJEJC�PK�PDA�OKQN?A�?K@A

OK�PD=P�PDA�LNKCN=IIAN�?=J�?KNNA?P�PDA�IEOP=GA�

$QNEJC�PDA�?KJRANOEKJ���J@�OPAL	�PDA�?KILHEAN�IECDP�CERA�=J4EA<A: IAOO=CA�SDE?D�EJ

OKIA�?=OAO�I=U�JKP�>A�=�LNK>HAI�PK�SKNNU�=>KQP��&KN�AT=ILHA��$=P=�PULA�@AIKPEKJ

I=U�>A�AT=?PHU�SD=P�UKQ�S=JP�UKQN�LNKCN=I�PK�@K��>QP�IKOP�?KILEHANO�CERA�=�S=NJEJC

IAOO=CA��6=NJEJCO�@KJ�P�OPKL�PDA�?KILEHEJC�LNK?AOO�>QP�=O�PDAEN�J=IA�EILHEAO��PDAU

ODKQH@�>A�NAREASA@�

3DA�JATP�PDNAA�BCQNAO�ODKS�`$%�IKJEPKN�EJPAN=?PEKJ�BKN�PDA�?BB7F;87��8I��		��

6B@C<?8E
Q� �

61

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


!<:HE8���� �B@C<?8E� EEBE��G;8�E87�?<A8�<F�J;8E8�G;8�6B@C?<8E�FGBCC87�

!<:HE8���� %<A>8E� EEBE��AB�E87�?<A8�J<G;�4A�8EEBE�@8FF4:8�78F6E<5<A:�?<A><A:�CEB5?8@�
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!<:HE8���� %B:<6� EEBE��9EB@�G;8�BHGCHG�J<G;<A�G;8���?46>��BK��4E84�

�������8@BAFGE4G<BA�)EB:E4@�<A��		

���������E84G<A:�4�!B?78E�BE�+H5�!B?78E�9BE�+BHE68��B78�!<?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$ALAJ@EJC�KJ�UKQN�?KILEHAN�`$%��UKQ�ODKQH@�@A?E@A�SDANA�PK�@KSJHK=@�=J@�OPKNA

OKQN?A�?K@A�\HAO�BKN�LNK?AOOEJC��/NQ@AJ?A�@E?P=PAO�PD=P�UKQ�?NA=PA�PDAOA�BKH@ANO�=O

JAA@A@�LNEKN�PK�@KSJHK=@EJC�OKQN?A�?K@A�\HAO��!�OQCCAOPA@�OQ>
BKH@AN�BKN�PDA

�?BB7F;87��8I��		���6B@C<?8E
Q� IECDP�>A�J=IA@�

[ $AIK�/NKCN=IO

`B�UKQ�D=RA�JKP�@KJA�OK��LHA=OA�?NA=PA�PDA�BKH@AN�O	�=J@�KN�OQ>
BKH@AN�O	�=O

=LLNKLNE=PA�

���������BJA?B47�G;8��8@B�)EB:E4@

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$KSJHK=@�=J@�OPKNA�PDA�BKHHKSEJC�\HA�O	�PK�UKQN�OPKN=CA�@ARE?A�EJ�PDA�=LLNKLNE=PA

BKH@AN�O	��&KHHKSEJC�PDA�IAPDK@O�KB�UKQN�?KILEHAN�`$%��?KILEHA�=J@�NQJ�PDA

LNKCN=I�O	��2PQ@U�PDA�OKQN?A�?K@A�\HA�O	�EJ�?KJFQJ?PEKJ�SEPD�KPDAN�HA=NJEJC�I=PANE=HO�

� Demo_Pre_Processor_Compiler_Errors.cpp(http://www.opentextbooks.org.hk/system/files/res
ource/5/5267/5419/media/Demo_Pre_Processor_Compiler_Errors.cpp.txt)

� Demo_Compiler_Conversion_Errors.cpp(http://www.opentextbooks.org.hk/system/files/resour
ce/5/5267/5419/media/Demo_Compiler_Conversion_Errors.cpp.txt)

� Demo_Linker_Errors.cpp(http://www.opentextbooks.org.hk/system/files/resource/5/5267/541
9/media/Demo_Linker_Errors.cpp.txt)
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� Demo_Logic_Errors.cpp(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5419/
media/Demo_Logic_Errors.cpp.txt)

�������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA������G8KG�87<GBE

!�OKBPS=NA�LNKCN=I�BKN�?NA=PEJC�=J@�A@EPEJC�!2#``�PATP�\HAO�

�8NA<G<BA������6B@C<?8E

#KJRANPO�OKQN?A�?K@A�PK�K>FA?P�?K@A�

�8NA<G<BA������CE8�CEB68FFBE

3DA�\NOP�OPAL�PDA�?KILHEAN�@KAO�EJ�?KJRANPEJC�OKQN?A�?K@A�PK�K>FA?P�?K@A�

�8NA<G<BA������?<A>8E

#KJJA?PO�KN�HEJGO�K>FA?P�\HAO�EJPK�=J�ATA?QP=>HA�\HA�

�8NA<G<BA������?B478E

/=NP�KB�PDA�KLAN=PEJC�OUOPAI�PD=P�HK=@O�ATA?QP=>HA�\HAO�EJPK�IAIKNU�=J@�@ENA?P�PDA

#/4�PK�OP=NP�NQJJEJC�PDA�LNKCN=I�

�8NA<G<BA������785H::<A:

3DA�LNK?AOO�KB�NAIKREJC�ANNKNO�BNKI�=�LNKCN=I���	�?KILEHAN��	�HEJGAN��	�HKCE?

�8NA<G<BA������J4EA<A:

!�?KILEHAN�=HANP�PD=P�PDANA�IECDP�>A�=�LNK>HAI�

����+G4A74E7�QACHG�4A7�(HGCHG

������"8A8E4?��<F6HFF<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

%RANU�P=OG�SA�D=RA�PDA�?KILQPAN�@K�D=LLAJO�EJOE@A�PDA�?AJPN=H�LNK?AOOEJC�QJEP��#/4	

=J@�PDA�=OOK?E=PA@�IAIKNU��.J?A�KQN�LNKCN=I�EO�HK=@A@�EJPK�IAIKNU�=J@�PDA

KLAN=PEJC�OUOPAI�@ENA?PO�PDA�#/4�PK�OP=NP�ATA?QPEJC�KQN�LNKCN=IIEJC�OP=PAIAJPO�PDA

?KILQPAN�HKKGO�HEGA�PDEO�
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!<:HE8���� !<:HE8���� #/4�,AIKNU�`JLQP�.QPLQP�$ARE?AO

.QN�LNKCN=I�JKS�HK?=PA@�EJ�PDA�IAIKNU�D=O�>=OE?=HHU�PSK�=NA=O�

[ ,=?DEJA�EJOPNQ?PEKJO�KQN�EJOPNQ?PEKJO�BKN�SD=P�SA�S=JP�@KJA

[ $=P=�OPKN=CA�KQN�R=NE=>HAO�PD=P�SA�QOEJC�EJ�KQN�LNKCN=I

.BPAJ�KQN�LNKCN=I�?KJP=EJO�EJOPNQ?PEKJO�PK�EJPAN=?P�SEPD�PDA�EJLQP�KQPLQP�@ARE?AO��6A

JAA@�PK�IKRA�@=P=�EJPK��NA=@	�=J@�KN�KQP�KB��SNEPA	�PDA�IAIKNU�@=P=�=NA=��!78I<68 EO

=�LEA?A�KB�AMQELIAJP�PD=P�EO�AHA?PNKJE?=HHU�?KJJA?PA@�PK�PDA�IAIKNU�OK�PD=P�@=P=�?=J

>A�PN=JOBANNA@�>APSAAJ�PDA�IAIKNU�=J@�PDA�@ARE?A��(EOPKNE?=HHU�PDEO�S=O�@KJA�SEPD

LQJ?DA@�?=N@O�=J@�LNEJPKQPO��3=LA�@NERAO�SANA�QOA@�BKN�AHA?PNKJE?�OPKN=CA��6EPD�PEIA

SA�IECN=PA@�PK�QOEJC�@EOG�@NERAO�BKN�OPKN=CA�SEPD�GAU>K=N@O�=J@�IKJEPKNO��SEPD

IKJEPKN�KQPLQP�?=HHA@�OKBP�?KLU	�NALH=?EJC�LQJ?D�?=N@O�=J@�LNEJPKQPO��?=HHA@�D=N@

?KLU	�

,KOP�?KILQPAN�KLAN=PEJC�OUOPAIO�=J@�>U�ATPAJOEKJ�LNKCN=IIEJC�H=JCQ=CAO�D=RA

E@AJPE\A@�PDA�GAU>K=N@�=O�PDAFG4A74E7�<ACHG�78I<68=J@�PDA�IKJEPKN�=O�PDA

FG4A74E7�BHGCHG�78I<68��.BPAJ�PDA�GAU>K=N@�=J@�IKJEPKN�=NA�PNA=PA@�=O�PDA�@AB=QHP

@ARE?A�SDAJ�JK�KPDAN�OLA?E\?�@ARE?A�EO�EJ@E?=PA@�

������+G4A74E7�Q
(�J<G;<A��		

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�@ARAHKLANO�KB�PDA�#���LNKCN=IIEJC�H=JCQ=CA�@A?E@A@�PK�LNKRE@A�OKIA�KB�PDA

IKNA�PA?DJE?=H�?K@A�JAA@A@�PK�EJPAN=?P�SEPD�PDA�KLAN=PEJC�OUOPAI�=J@�PDA�`�.�@ARE?AO�

`J�PDA�BKHHKSEJC�AT=ILHA�PDA�EJ?HQ@A�@ENA?PERA�EJOANPO�=�\HA�PD=P�?KJP=EJO�?K@A�BNKI�PDA
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QACHG�(HGCHG�+GE84@HE>N=NU��3DEO�\HA�?KJP=EJO�JA?AOO=NU�?K@A�PK�QOA6BHG=J@6<A

BKN�OAJ@EJC�@=P=�PK�PDA�IKJEPKN�KN�CAPPEJC�@=P=�BNKI�PDA�GAU>K=N@�

#include <iostream>

8KQ�ODKQH@�PDEJG�KB6BHG=J@6<A=O�>AEJC�HK?=PEKJO�PD=P�UKQ�?=J�OAJ@�PK�KN�NA?AERA

@=P=�BNKI��OEIEH=N�EJ�?KJ?ALP�PK�=JU�KPDAN�R=NE=>HA�OPKN=CA�HK?=PEKJ�SEPDEJ�PDA�@=P=

=NA=�KB�KQN�LNKCN=I��3DA�#���LNKCN=IIEJC�H=JCQ=CA�D=O�PSK�KLAN=PKNO�PK�QOA�EJ

?KJFQJ?PEKJ�SEPD�`�.�@ARE?AO�

Action C ++ operator symbol
Used

with

insertion operator

(write)

Ç (a pair of less than

symbols)
cout

extraction operator

(read)

È (a pair of greater than

symbols)
cin

#KJOE@AN�PDA�BKHHKSEJC�?K@A�

 K4@C?8������QAF8EG<BA�4A7� KGE46G<BA

int agel;     // variable set up

then later on in our program

cout Ç "\nEnter the age of the first person --->: ";

cin È  agel;

4OEJC�PDA6BHGPDA�LNKCN=IIAN�@EOLH=UO��KN�EJOANPO	�=�LNKILPEJC�IAOO=CA�KJ�PDA

IKJEPKN�BKN�PDA�QOAN�PK�OAA��4OEJC�PDA6<APDA�QOAN�PULAO�=J�EJPACAN�R=HQA�=J@�DEPO�PDA

AJPAN�GAU�=J@�PDA�?KILQPAN�ATPN=?PO�PDA�R=HQA�BNKI�PDA�GAU>K=N@�=J@�OPKNAO�EP�EJPK

PDA�R=NE=>HA�J=IA@�=CA���6EPDEJ�PDA�?KILQPAN�=HH�@=P=�=NA�OPKNA@�=O�JQI>ANO�=J@

PDQO�L=NP�KB�PDA�PA?DJE?=H�?K@A�LNKRE@A@�>U�PDA�@ARAHKLANO�KB�PDA�#���LNKCN=IIEJC

H=JCQ=CA�PD=P�EO�SEPDEJ�PDAQACHG�(HGCHG�+GE84@HE>N=NU�?KJRANPO�@=P=�BNKI�JQI>ANO

PK�PDKOA�OUI>KHO�SA�=NA�QOA@�PK�OAAEJC�=O�DQI=JO�=J@�RE?A�RANO=��%T=ILHA��`B�PDA

QOAN�AJPANA@�PDA�JQIAN=H�@ECEPO����=J@�DEP�PDA�AJPAN�GAU�PDA�ATPN=?PEKJ�KLAN=PKN

SKQH@�?KJRANP�PDA����EJPK�=�>EJ=NU�JQI>AN�=J@�IKRA�PDA�>EJ=NU�JQI>AN�EJPK�PDA

EJPACAN�OPKN=CA�LH=?A�J=IA@�=CA��

3DA6BHGSDE?D�QOAO�PDA�OP=J@=N@�KQPLQP�@ARE?A�@KAO�JKP�BKNI=P�PDA�KQPLQP�EJPK�=

'N=LDE?=H�4OAN�`JPANB=?A��'4`	�SDANA�UKQ�D=RA�=�IKQOA�PK�QOA��!�IK@ANJ�KLAN=PEJC

OUOPAI�QOEJC�'4`�JKNI=HHU�KLAJO�=5?46>�F6E88A�BHGCHG�5BKPD=P�SKQH@�>A�OEIEH=N�PK

DKS�PDA�IKJEPKN�S=O�QOA@�SDAJ�\NOP�@ARAHKLA@�EJ�PDA������O��3D=P�EO�PDA�@AB=QHP�KB

DKS 6BHGEO�JKNI=HHU�EILHAIAJPA@�>U�IKOP�?KILEHANO�

3DA�KQPLQP�IAOO=CA�D=O�=�QJEMQA�EPAI�SKNPD�IAJPEKJEJC��!P�PDA�RANU�BNKJP�KB�PDA

IAOO=CA�EO�=�>=?GOH=OD�BKHHKSA@�>U�PDA�HAPPAN�J��3DAU�@K�JKP�CAP�LNEJPA@�KJ�PDA
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IKJEPKN��`P�EO�=�OLA?E=H�?K@A��?=HHA@�=�LNEJPAN8F64C86B78	�PAHHEJC�PDA�LNEJPAN�PK�CK�PK�=

JAS�HEJA��/NEJPAN��`�PDKQCDP�SA�SANA�QOEJC�=�IKJEPKN��6A�=NA�>QP�PDA�?K@A�EO�=�HABP�KRAN

BNKI�PDA�A=NHU�@=UO�KB�LNEJPAN�KQPLQP��3DA�>=?GOH=OD�PAHHO�PDA�LNEJPAN�KN�IKJEPKN�PD=P

PDA�JATP�HAPPAN�EO�=�?KII=J@��3DA�HAPPAN�J�EO�QOA@�BKN�PAHHEJC�PDA�LNEJPAN�KN�IKJEPKN�PK

CK�PK�PDA�BNKJP�KB�=�JAS�HEJA�

�������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA������78I<68

!�LEA?A�KB�AMQELIAJP�PD=P�EO�AHA?PNKJE?=HHU�?KJJA?PA@�PK�PDA�IAIKNU�OK�PD=P�@=P=�?=J

>A�PN=JOBANNA@�>APSAAJ�PDA�IAIKNU�=J@�PDA�@ARE?A�

�8NA<G<BA������FG4A74E7�<ACHG

3DA�GAU>K=N@�

�8NA<G<BA�������FG4A74E7�BHGCHG

3DA�IKJEPKN�

�8NA<G<BA����� ��<AF8EG<BA

!G=�SNEPEJC�KN�OAJ@EJC�@=P=�PK�=J�KQPLQP�@ARE?A�

�8NA<G<BA�������8KGE46G<BA

!G=�NA=@EJC�KN�CAPPEJC�@=P=�BNKI�=J�EJLQP�@ARE?A�

�8NA<G<BA�������8F64C8�6B78

!�?K@A�@ENA?PEJC�=J�KQPLQP�@ARE?A�PK�@K�OKIAPDEJC�

�����B@C<?8E��<E86G<I8F

������"8A8E4?��<F6HFF<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

��6B@C<?8E�7<E86G<I8EO�=J�EJOPNQ?PEKJ�PK�PDA�?KILEHAN�PK�?KILHAPA�=�P=OG�>ABKNA

BKNI=HHU�OP=NPEJC�PK�?KILEHA�PDA�LNKCN=I��PDQO�PDAU�=NA�OKIAPEIAO�?=HHA@�LNA


LNK?AOOKN�@ENA?PERAO��!IKJC�KPDAN�EPAIO��@QNEJC�PDA�LNA�LNK?AOOKN�OPAL�PDA�?KILEHAN

EO�HKKGEJC�BKN�?KILEHAN�@ENA?PERAO�=J@�LNK?AOOAO�PDAI�=O�PDAU�=NA�AJ?KQJPANA@��!BPAN

?KILHAPEJC�PDA�P=OGO�=O�@ENA?PA@��PDA�?KILEHAN�LNK?AA@O�PK�EPO�OA?KJ@�OPAL�SDANA�EP

?DA?GO�BKN�OUJP=T�ANNKNO��REKH=PEKJO�KB�PDA�NQHAO�KB�PDA�H=JCQ=CA	�=J@�?KJRANPO�PDA

OKQN?A�?K@A�EJPK�=J�K>FA?P�?K@A�PD=P�?KJP=EJO�I=?DEJA�H=JCQ=CA�EJOPNQ?PEKJO��=�@=P=

=NA=��=J@�=�HEOP�KB�EPAIO�PK�>A�NAOKHRA@�SDAJ�DA�K>FA?P�\HA�EO�HEJGA@�PK�KPDAN�K>FA?P

\HAO�
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6EPDEJ�#���PDA�LKQJ@�OUI>KH�KN�=O�PDA�\NOP�?D=N=?PAN�KB�=�HEJA�EJ@E?=PAO�PD=P�PDA�JATP

SKN@�EO�=�@ENA?PERA��KN�?KII=J@�SKN@	�PK�>A�AR=HQ=PA@��3DA�PSK�IKOP�?KIIKJ

?KILEHAN�@ENA?PERAO�=NA�

�� <A6?H78SEPD�PDA�EPAI�BKHHKSEJC�EJ?HQ@A�>AEJC�PDA�J=IA�KB�=�\HA�PD=P�EO�PK�>A

EJOANPA@�=P�PD=P�LH=?A�EJ�PDA�\HA��3DA�\HAO�=NA�KBPAJ�?=HHA@��(A=@AN�&EHAO��>A?=QOA

PDA�EJ?HQ@A�@ENA?PERA�EO�JKNI=HHU�EJOANPA@�PKS=N@�PDA�PKL�KB�PDA�\HA��=P�PDA�DA=@	

=O�KJA�KB�PDA�\NOP�EPAIO�

�� 78NA8 SEPD�PDA�EPAI�BKHHKSA@�>U�=J�E@AJPE\AN�J=IA�=J@�=�R=HQA��3DEO�E@AJPE\AN

J=IA�=J@�R=HQA�EO�OPKNA@�>U�PDA�?KILEHAN�=J@�SDAJ�EP�AJ?KQJPANO�PDA�E@AJPE\AN

J=IA�EJ�PDA�LNKCN=I�EP�OQ>OPEPQPAO�PDA�R=HQA�BKN�PDA�E@AJPE\AN�J=IA�

`J�PDA�BKHHKSEJC�AT=ILHA�PDA�EJ?HQ@A�@ENA?PERA�EO�EJOANPEJC�=�\HA�PD=P�?KJP=EJO�?K@A

BNKI�PDAQACHG�(HGCHG�+GE84@HE>N=NU��3DEO�\HA�?KJP=EJO�JA?AOO=NU�?K@A�PK�QOAcout

=J@ cin BKN�OAJ@EJC�@=P=�PK�PDA�IKJEPKN�KN�CAPPEJC�@=P=�BNKI�PDA�GAU>K=N@�

#include <iostream>

`J�PDA�JATP�AT=ILHA�PDA�@A\JA�@ENA?PERA�EO�>AEJC�QOA@�PK�D=J@HA�=�?KJOP=JP��?=HHA@�=

@A\JA@�?KJOP=JP	�

 K4@C?8������+H5G<GHG<A:�)Q

#define PI 3.l4l59

....Later on in the program when it encounters PI

....it will replace or substitute PI with the value 3.l4l59

....For example:

area circle = radius * radius * PI;

would become:

area circle = radius * radius * 3.l4l59;

.B�JKPA��?KILEHAN�@ENA?PERAO�EJ�#���@K�JKP�D=RA�=�OAIE
?KHKJ�=BPAN�PDAI��6EPDEJ�#��

LNKCN=IIEJC�EJOPNQ?PEKJO�KN�OP=PAIAJPO�AJ@�SEPD�=�OAIE
?KHKJ��>QP�JKP�?KILEHAN

@ENA?PERAO�

�������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������6B@C<?8E�7<E86G<I8

!J�EJOPNQ?PEKJ�PK�PDA�?KILEHAN�PK�?KILHAPA�=�P=OG�>ABKNA�BKNI=HHU�OP=NPEJC�PK�?KILEHA

PDA�LNKCN=I�

�8NA<G<BA�������<A6?H78

!�?KILEHAN�@ENA?PERA�PK�EJOANP�PDA�?KJPAJPO�KB�=�\HA�EJPK�PDA�LNKCN=I�
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O�KNC�HE?AJOAO�>U
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6EPD������=??QN=?U�@QNEJC�=��IAIKNU�>QEH@EJC�=?PEREPU��ATAN?EOAO��H=>�=OOECJIAJP�

LNK>HAIO��KN�PEIA@�MQEV�AT=I��PDA�OPQ@AJP�EO�ATLA?PA@�PK�

�� $A\JA�PDA�PANIO�KJ�PDA�@A\JEPEKJO�=O�HEOPA@�EJ�PDA�IK@QHAO�=OOK?E=PA@�SEPD�PDEO

?D=LPAN�

�� "A�=>HA�PK�HEOP�PDA�?=PACKNEAO�=J@�CERA�AT=ILHAO�KB�ANNKNO�AJ?KQJPANA@�SDAJ

QOEJC�=J�`JPACN=PA@�$ARAHKLIAJP�%JRENKJIAJP��`$%	�

�� 6NEPA�PDA�#���?K@A�BKN�=�LNKCN=I�QOEJC�=LLNKLNE=PA�LH=JJEJC�@K?QIAJP=PEKJ�PD=P

UKQ�KN�=JKPDAN�D=O�@AOECJA@�

������&8@BEL��H<?7<A:��6G<I<G<8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

,"!���

����

2AA�PDA�\HA�=P��DPPL���?JT�KNC�?KJPAJP�I������H=PAOP�EJ@AT�DPIH�

����

������ K8E6<F8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

 K8E6<F8������

�AFJ8E�G;8�9B??BJ<A:�FG4G8@8AGF�4F�8<G;8E�GEH8�BE�94?F8�

�� `$%�IA=JO�`JPACAN�$EREOEKJ�%TLNAOOEKJ�

�� ,KOP�IK@ANJ�?KILEHANO�=NA�NA=HHU�=J�`$%�PULA�KB�OKBPS=NA��JKP�FQOP�=�?KILEHAN�

�� ?EJ�=J@�?KQP�=NA�QOA@�BKN�PDA�OP=J@=N@�EJLQP�=J@�KQPLQP�EJ�#���

�� /NKCN=IIEJC�ANNKNO�=NA�ATPNAIAHU�A=OU�PK�QJ@ANOP=J@�=J@�BT�

�� !HH�#���LNKCN=IO�SEHH�D=RA�=P�HA=OP�KJA�EJ?HQ@A�PULA�KB�?KILEHAN�@ENA?PERA�

������&<F68??4A8BHF�QG8@F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

-KJA�=P�PDEO�PEIA�

69

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


������%45��FF<:A@8AG

���������E84G<A:�4�!B?78E�BE�+H5�!B?78E�9BE��;4CG8E����!<?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$ALAJ@EJC�KJ�UKQN�?KILEHAN�`$%��UKQ�ODKQH@�@A?E@A�SDANA�PK�@KSJHK=@�=J@�OPKNA

OKQN?A�?K@A�\HAO�BKN�LNK?AOOEJC��/NQ@AJ?A�@E?P=PAO�PD=P�UKQ�?NA=PA�PDAOA�BKH@ANO�=O

JAA@A@�LNEKN�PK�@KSJHK=@EJC�OKQN?A�?K@A�\HAO��!�OQCCAOPA@�OQ>
BKH@AN�BKN�PDA

�?BB7F;87��8I��		���6B@C<?8E
Q� IECDP�>A�J=IA@�

[ #D=LPAN����SEPDEJ�PDA�BKH@AN�J=IA@��#LL�2KQN?A�#K@A�&EHAO

`B�UKQ�D=RA�JKP�@KJA�OK��LHA=OA�?NA=PA�PDA�BKH@AN�O	�=J@�KN�OQ>
BKH@AN�O	�=O

=LLNKLNE=PA�

���������BJA?B47�G;8�%45�!<?8�F�

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$KSJHK=@�=J@�OPKNA�PDA�BKHHKSEJC�\HA�O	�PK�UKQN�OPKN=CA�@ARE?A�EJ�PDA�=LLNKLNE=PA

BKH@AN�O	�

� Solution�Lab�02�Pseudocode.txt(http://www.opentextbooks.org.hk/system/files/resource/5/526
7/5435/media/Solution_Lab_02_Pseudocode.txt)

� Solution�Lab�02�Test�Data.txt(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5
435/media/Solution_Lab_02_Test_Data.txt)

���������8G4<?87�%45�QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

1A=@�=J@�BKHHKS�PDA�@ENA?PEKJO�>AHKS�?=NABQHHU��=J@�LANBKNI�PDA�OPALO�EJ�PDA�KN@AN

HEOPA@�

[ #KLU�EJPK�UKQN�OQ>
BKH@AN��#D=LPAN����KJA�KB�PDA�OKQN?A�?K@A�HEOPEJCO�PD=P�SA

D=RA�QOA@��6A�OQCCAOP�PDA�+=>����OKQN?A�?K@A�=J@�NAJ=IA�PDA�?KLU�%45����6CC

[ ,K@EBU�PDA�?K@A�PK�BKHHKS�PDA�2KHQPEKJ�+=>����/OAQ@K?K@A�PTP�\HA�

[ "QEH@��?KILEHA�=J@�NQJ	�UKQN�LNKCN=I��8KQ�D=RA�OQ??AOOBQHHU�SNEPPAJ�PDEO�LNKCN=I

EB�SDAJ�EP�NQJO�=J@�UKQ�QOA�PDA�PAOP�@=P=�9QOA�PDA�PAOP�@=P=�=O�OQLLHEA@�=O�PDA

OKHQPEKJ�BKN�+=>���;�EP�CERAO�PDA�LNA@E?PA@�NAOQHPO�

[ !BPAN�UKQ�D=RA�OQ??AOOBQHHU�SNEPPAJ�PDEO�LNKCN=I��EB�UKQ�=NA�P=GEJC�PDEO�?KQNOA�BKN

?KHHACA�?NA@EP��BKHHKS�PDA�EJOPNQ?PEKJO�BNKI�UKQN�LNKBAOOKN�EJOPNQ?PKN�BKN

OQ>IEPPEJC�EP�BKN�CN=@EJC�
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2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+EOP�=J@�@AO?NE>A�SD=P�IECDP�?=QOA�PDA�BKQN���	�PULAO�KB�ANNKNO�AJ?KQJPANA@�EJ�=

LNKCN=I�QOEJC�=J�`JPACN=PA@�$ARAHKLIAJP�%JRENKJIAJP�OKBPS=NA�LNK@Q?P�

��������)EB5?8@���5��QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

`@AJPEBU�BKQN���	�LNK>HAIO�SEPD�PDEO�?K@A�HEOPEJC��(`-3��3DA�BKQN���	�PULAO�KB�ANNKNO

AJ?KQJPANA@�EJ�=�LNKCN=I�QOEJC�=J�`JPACN=PA@�$ARAHKLIAJP�%JRENKJIAJP�OKBPS=NA

LNK@Q?P	�

 K4@C?8�������		�+BHE68��B78�%<FG<A:

//******************************************************

// Filename: Compiler Test.cpp

// Purpose:  Average the ages of two people

// Author:   Ken Busbee; © Kenneth Leroy Busbee

// Date:     Jan 5, 2009

// Comment:  Main idea is to be able to

//           debug and run a program on your compiler.

//******************************************************

// Headers and Other Technical Items

#include <iostrern>

using namespace std;

// Function Prototypes

void pause(void);

// Variables

int agel;

int age2;

double answear;

//******************************************************

// main

//******************************************************

int main(void)

{

// Input

cout Ç "\nEnter the age of the first person --->: ";

cin È agel;
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cout Ç "\nEnter the age of the second person -->: ";

cin È age2;

// Process

answer = (agel + age2) / 3.0;

// Output

cout Ç "\nThe average of their ages is -------->: ";

cout Ç answer;

pause();

return 0;

}

//******************************************************

// End of Program

//******************************************************

������+B?HG<BAF�GB� K8E6<F8F�<A��;4CG8E��

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+B?HG<BAF�GB�)E46G<68����QAG8:E4G87��8I8?BC@8AG� AI<EBA@8AG

+B?HG<BA�GB� K8E6<F8������

�AFJ8EF�

�� B=HOA

�� PNQA

�� PNQA

�� B=HOA

�� PNQA
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�;4CG8E���)EB:E4@��BAGEB?�!HA6G<BAF

����)F8H7B6B78� K4@C?8F�9BE�!HA6G<BAF

�������BA68CG

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

-K�OP=J@=N@�BKN�LOAQ@K?K@A�OUJP=T�ATEOPO��(KSARAN��PDANA�=NA�OKIA�?KIIKJHU

BKHHKSA@�?KJRAJPEKJO�PK�DAHL�I=GA�LOAQ@K?K@A�SNEPPAJ�>U�KJA�LNKCN=IIAN�A=OEHU

QJ@ANOPKK@�>U�=JKPDAN�LNKCN=IIAN��3DA�BKHHKSEJC�@AO?NE>AO�=�IAPDK@�BKN�QOEJC

LOAQ@K?K@A�BKN�BQJ?PEKJO�PD=P�SKQH@�>A�QJ@ANOPKK@�>U�LNKCN=IIANO��&ERA�?KJ?ALPO

=NA�

[ 4OA�=58:<AA<A:�C;E4F8�JBE7 PK�OP=NP�PDA�BQJ?PEKJ

[ 4OA�=6B@@HA<64G<BA�C;E4F8�JBE7PK�E@AJPEBU�PDA�EPAIO�>AEJC�L=OOA@�EJPK�PDA

BQJ?PEKJ

[ 4OA�EJ@AJP=PEKJ�PK�ODKS�PDA�=?PEKJ�L=NP�KB�PDA�BQJ?PEKJ

[ 4OA�=6B@@HA<64G<BA�C;E4F8�JBE7PK�E@AJPEBU�PDA�EPAIO�>AEJC�L=OOA@�KQP�KB�PDA

BQJ?PEKJ

[ 4OA�=J8A7<A:�C;E4F8�JBE7 PK�AJ@�PDA�BQJ?PEKJ

[ 4OA�=64??<A:�C;E4F8�JBE7PK�@ENA?P�UKQN�LNKCN=I�PK�QOA�=�BQ?JPEKJ

3DA�BKHHKSEJC�EO�=�OQCCAOPA@�KQPHEJA�KB�BQJ?PEKJ�LDN=OA�SKN@O�

Item/Pu rpose Starting Phrase

Word

Ending Phrase

Word

Beginning Function N/A

Communication In Pass In: none

Action N/A N/A

Communication

Out

Pass Out: none

Ending N/A Endfunction

Calling a Function Call: none

3=>HA����
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(ANA�=NA�OKIA�AT=ILHAO�ODKSEJC�BQJ?PEKJO�@A\JA@�EJ�LOAQ@K?K@A�QOEJC�KQN

?KJRAJPEKJO�=O�@AO?NE>A@�=>KRA�

 K4@C?8������CF8H7B6B78��!HA6G<BA�J<G;�AB�C4E4@8G8E�C4FF<A:

Function clear monitor

Pass In: nothing

Direct the operating system to clear the monitor

Pass Out: nothing

Endfunction

 K4@C?8������CF8H7B6B78��!HA6G<BA�J<G;�C4E4@8G8E�C4FF<A:

Function delay program so you can see the monitor

Pass In: integer representing tenths of a second

Using the operating system delay the program

Pass Out: nothing

Endfunction

 K4@C?8������CF8H7B6B78��!HA6G<BA�@4<A�64??<A:�G;8�6?84E�@BA<GBE�9HA6G<BA

Function main

Pass In: nothing

Doing some lines of code

Call: clear monitor

Doing some lines of code

Pass Out: value zero to the operating system

Endfunction

�������8NA<G<BAF
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�8NA<G<BA������C;E4F8�JBE7

6KN@O�QOA@�PK�I=GA�LOAQ@K?K@A�HKCE?�?HA=N�PK�=JU�NA=@AN�

74

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


����#<8E4E6;L�BE�+GEH6GHE8��;4EG

������(I8EI<8J
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3DA;<8E4E6;L�6;4EG �=HOK�GJKSJ�=O�=FGEH6GHE8�6;4EG	�ODKSO�PDA�NAH=PEKJODEL�KB

R=NEKQO�QJEPO��`PO�J=IA�?KIAO�BNKI�EPO�CAJAN=H�QOA�EJ�ODKSEJC�PDA�KNC=JEV=PEKJ��KN

OPNQ?PQNA	�KB�=�>QOEJAOO��3DA�/NAOE@AJP�=P�PDA�PKL��PDAJ�RE?A�LNAOE@AJPO�KJ�PDA�JATP

HARAH��AP?��6EPDEJ�PDA�?KJPATP�KB�=�?KILQPAN�LNKCN=I�EP�ODKSO�PDA�NAH=PEKJODEL�>APSAAJ

IK@QHAO��KN�BQJ?PEKJO	��$AP=EH�HKCE?�KB�PDA�LNKCN=I�EO�JKP�LNAOAJPA@��`P�@KAO�NALNAOAJP

PDA�KNC=JEV=PEKJ�KB�PDA�BQJ?PEKJO�QOA@�SEPDEJ�PDA�LNKCN=I�ODKSEJC�SDE?D�BQJ?PEKJO

=NA�?=HHEJC�KJ�=�OQ>KN@EJ=PA�BQJ?PEKJ��3DKOA�=>KRA�=NA�?=HHEJC�PDKOA�KJ�PDA�JATP�HARAH

@KSJ�

(EAN=N?DU�?D=NPO�=NA�?NA=PA@�>U�PDA�LNKCN=IIAN�PK�DAHL�@K?QIAJP�=�LNKCN=I��3DAU

?KJRAU�PDA�>EC�LE?PQNA�KB�PDA�IK@QHAO��KN�BQJ?PEKJO	�QOA@�EJ�=�LNKCN=I�

�

!<:HE8���� #<8E4E6;L�BE�+GEH6GHE8�6;4EG�9BE�4�CEB:E4@�G;4G�;4F�NI8�9HA6G<BAF�

�������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
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�8NA<G<BA������;<8E4E6;L�6;4EG
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C++ Reserved Word void

Represent Nothing

Size N/A or None

Normal Signage N/A

Domain (Values Allowed) None

Table 6.1 Void data type
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//******************************************************

// Filename: Compiler Test.cpp

// Purpose: Average the ages of two people

// Author: Ken Busbee; © Kenneth Leroy Busbee

// Date: Jan 5, 2009

// Comment: Main idea is to be able to

// debug and run a program on your compiler.

//******************************************************

// Headers and Other Technical Items

#include <iostream>

using namespace std;

// Function Prototypes

void pause(void);

// Variables

int agel;

int age2;

double answer;

//******************************************************

// main
//**************************************************** *

int main(void)

{

// Input

cout Ç "\nEnter the age of the first person --->: ";

cin È agel;

cout Ç "\nEnter the age of the second person -->: ";

cin È age2;

// Process

answer = (agel + age2) 1 2.0;

// Output

cout Ç "\nThe average of their ages is -------->: ";

cout Ç answer;

pause();

return 0;

}

//******************************************************

// pause

80



//******************************************************

void pause(void)

{

cout Ç "\n\n";

system("PAUSE");

cout Ç "\n\n";

return;

}

//******************************************************

// End of Program

//******************************************************
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float length, width, height, price gal paint, total area, total cost;

int coverage gal paint, total gal paint;
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float length;

float width;

float height;

float price_gal_paint;

int coverage_gal_paint;

float total_area;

int total_gal_paint;

float total_cost;
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//******************************************************

// main

//******************************************************
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******************************************************

Filename: Average_IQ.txt

Purpose: Average the IQs of two people

Author: Ken Busbee; © Kenneth Leroy Busbee

Date: Jan 17, 2009

******************************************************

Function main

Pass In: nothing

Call: get_iqs

Call: process_iqs

Call: show_average

Pass Out: zero to the OS

Endfunction

********************
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Function get_iqs

Pass In: nothing

display a message asking user for the IQ of the first person

get the IQ of the first person from the keyboard

display a message asking user for the IQ of the second person

get the IQ of the second person from the keyboard

Pass Out: nothing

Endfunction

********************

Function process_iqs

Pass In: nothing

calculate the answer by adding the two IQs and

dividing by 2.0

Pass Out: nothing

Endfunction

********************

Function show_average

Pass In: nothing

display the answer with an appropriate message

Call: pause

Pass Out: nothing

Endfunction

********************

Function pause

Pass In: nothing

direct the operating system to pause the program

Pass Out: nothing

Endfunction

******************************************************

Potential Variables

Data Type Identifier Name

********* ***************

integer iq1

integer iq2

88



double answer

******************************************************

End of file

����������)EB5?8@���5��QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

`@AJPEBU�OKIA�LNK>HAIO�PD=P�I=GA�PDEO�?K@A��QJ@K?QIAJPA@����QJNA=@=>HA��KN�SNKJC
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%T=ILHA������#���OKQN?A�?K@A

//******************************************************

// Author: Ken Busbee;  © 2009 Kenneth Leroy Busbee

// Date: Jan 17, 2009

//******************************************************

#include <iostream>

using namespace std;

void pause(void);

int age1, age2;

double xx;

//******************************************************

// main

//******************************************************

int main(void)

{

// Input

cout << "\nEnter the age of the first person --->: ";

cin  >> age1;

cout  << "nnEnter the age of the second person -->: ";

cin  >> age2;

// Process

xx = (age1 + age2) / 2.0;

// Output

cout << "\nThe average of their ages is -------->: ";

cout << xx;
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pause();

return 0;

}

void pause(void)

{ cout << "\n\n";

system("PAUSE");

cout << "\n\n";

return; }

//******************************************************

// End of Program

//******************************************************
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� Lab�07�Testing�Shell.cpp(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5510/
media/Lab_07_Testing_Shell.cpp.txt)
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int abs(int number);

-KP�S=JPEJC�PK�D=RA�=�HKJC�BQJ?PEKJ�J=IA�PDA�@AOECJANO�J=IA@�EP�45F EJOPA=@�KB

�=>OKHQPA���3DEO�IECDP�OAAI�PK�REKH=PA�PDA�E@AJPE\AN�J=IEJC�NQHA�KB�QOEJC�IA=JEJCBQH

J=IAO��DKSARAN�SDAJ�E@AJPE\AN�J=IAO�=NA�AOP=>HEODA@�BKN�OP=J@=N@�HE>N=NEAO�PDAU�=NA

KBPAJ�ODKNPAJA@�PK�=�J=IA�PD=P�EO�A=OEHU�QJ@ANOPKK@�>U�=HH�SDK�SKQH@�>A�QOEJC�PDAI�

3DA�BQJ?PEKJ�EO�KB�@=P=�PULA�EJP��IA=JEJC�PD=P�PDA�BQJ?PEKJ�SEHH�NAPQNJ�=J�EJPACAN�R=HQA�

`P�EO�K>REKQO�PD=P�PDA�EJPACAN�R=HQA�NAPQNJA@�EO�PDA�=JOSAN�PK�PDA�MQAOPEKJ���6D=P�EO�PDA

=>OKHQPA�R=HQA�KB�PDA�EJPACAN�PD=P�EO�>AEJC�L=OOA@�EJPK�PDA�BQJ?PEKJ���3DEO�BQJ?PEKJ�EO

L=OOA@�KJHU�KJA�R=HQA��=Jint JQI>AN��`B�`�D=@�PSK�EJPACAN�R=NE=>HAO�J=IA@�=LLHA

=J@�>=J=J=��=J@�`�S=JPA@�PK�OPKNA�PDA�=>OKHQPA�R=HQA�KB�>=J=J=�EJPK�=LLHA��PDAJ�=�HEJA

KB�?K@A�PK�?=HH�PDEO�BQJ?PEKJ�SKQH@�>A�

apple = abs(banana);

+AP�O�O=U�EP�EJ�%JCHEOD��L=OO�PDA�BQJ?PEKJ�=>OKHQPA�PDA�R=HQA�OPKNA@�EJ�R=NE=>HA�>=J=J=
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� Demo_Standard_Libraries(http://www.opentextbooks.org.hk/system/files/resource/5/5267/552
1/media/Demo_Standard_Libraries.cpp)

� Demo_Standard_Libraries_Listing(http://www.opentextbooks.org.hk/system/files/resource/5/5
267/5521/media/Demo_Standard_Libraries_Listing.txt)
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� Lab_08_Testing_Shell.cpp(http://www.opentextbooks.org.hk/system/files/resource/5/5267/553
0/media/Lab_08_Testing_Shell.cpp.txt)
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Function area regular hexagon

Pass In: side

Calculate: side times side times 3 times the square root of 0.75

Pass Out: the calculation

Endfunction
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C++

Reserved

Word

char

Represent Single characters

Size 1 byte

Normal

Signage
Unsigned (positive values only)

Domain

(Values

Allowed)

Values from 0 to 127 as shown in the standard ASCII

Character Set, plus values 128 to 255 from the

Extended ASCII Character Set

C++

syntax

rule

Single quote marks _ Example: 'A'
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� Demo_Character_Data_Type.cpp(http://www.opentextbooks.org.hk/system/files/resource/5/52
67/5540/media/Demo_Character_Data_Type.cpp.txt)
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KB�IAIKNU�OPKN=CA�KJ�=J�`JPAH�?KIL=PE>HA�?AJPN=H�LNK?AOOEJC�QJEP��?LQ	�I=?DEJA��`J

�#����=J�EJP�EO�=HHK?=PA@���>UPAO�

3DANA�EO�=J�KLAN=PKN�J=IA@��OEVAKB�����	��PD=P�EO�=�QJ=NU�KLAN=PKN��PD=P�EO�EP�D=O�KJHU�KJA

KLAN=J@��3DA�KLAN=J@�EO�PK�PDA�NECDP�KB�PDA�KLAN=PKN�=J@�EO�LH=?A@�SEPDEJ�PDA

L=NAJPDAOAO�EB�EP�EO�=�@=P=�PULA��3DA�KLAN=J@�I=U�>A�=JU�@=P=�PULA��EJ?HQ@EJC�PDKOA

?NA=PA@�>U�PULA@AB	��`B�PDA�KLAN=J@�EO�=J�E@AJPE\AN�J=IA�EP�@KAO�JKP�JAA@�PK�CK�EJOE@A

=�OAP�KB�L=NAJPDAOAO��`P�SKNGO�BKN�>KPD�R=NE=>HA�=J@�IAIKNU�?KJOP=JP�E@AJPE\AN

J=IAO��3DEO�KLAN=PKN�EO�QJEMQA�EJ�PD=P�EP�LANBKNIO�EPO�?=H?QH=PEKJ�=P�?KILEHA�PEIA�BKN

CHK>=H�O?KLA@�EPAIO�=J@�=P�NQJ�PEIA�BKN�HK?=H�O?KLA@�EPAIO��%T=ILHAO�

cout << "The size of an integer is: " << sizeof (int);

3DA�?KILEHAN�SKQH@�@APANIEJA�PDA�>UPA�OEVA�KB�=J�EJPACAN�KJ�PDA�OLA?E\?�I=?DEJA�=J@

EJ�AOOAJ?A�NALH=?AO�PDA�OEVAKB�KLAN=PKN�SEPD�=�R=HQA��`JPACANO�=NA�QOQ=HHU���>UPAO�HKJC�

PDQO�PDA�HEJA�KB�?K@A�SKQH@�>A�?D=JCA@�PK�
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cout << "The size of an integer is: " << 4;

`B�UKQ�LH=?A�=J�E@AJPE<AN�J=IA�PD=P�NALNAOAJPO�=�@=P=�OPKN=CA�=NA=��R=NE=>HA�KN

IAIKNU�?KJOP=JP	��EP�HKKGO�=P�PDA�@A\JEPEKJ�BKN�PDA�E@AJPE\AN�J=IA�

Note: the parentheses are not needed and often not included for an identifier

name.

 K4@C?8������F<M8B9�J<G;�4�.4E<45?8

double money; // variable set up with initialization

then later on in the program

cout << "The size of money is: " << sizeof money;

3DA�?KILEHAN�SKQH@�@APANIEJA�PDA�>UPA�OEVA�KB�IKJAU�>U�HKKGEJC�=P�PDA�@A\JEPEKJ

SDANA�EP�EJ@E?=PAO�PD=P�PDA�@=P=�PULA�EO�@KQ>HA��3DA�@KQ>HA�@=P=�PULA�KJ�PDA�OLA?E\?

I=?DEJA��QOQ=HHU���>UPAO	�SKQH@�NALH=?A�PDA�?K@A�=J@�EP�SKQH@�>A?KIA�

cout << "The size of money is: " << 8;

�������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA������F<M8B9

!J�KLAN=PKN�PD=P�PAHHO�UKQ�DKS�I=JU�>UPAO�=�@=P=�PULA�K??QLEAO�EJ�OPKN=CA�

����,LC8789���A��?<4F

������"8A8E4?��<F6HFF<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�PULA@AB�OP=PAIAJP�=HHKSO�PDA�LNKCN=IIAN�PK�?NA=PA�=J�=HE=O��KN�OUJKJUI��BKN�=J

ATEOPEJC�@=P=�PULA��3DEO�?=J�>A�QOABQH�EJ�@K?QIAJPEJC�=�LNKCN=I��3DA�#��

LNKCN=IIEJC�H=JCQ=CA�OUJP=T�EO�

typedef <the real data type><the alias identifier name>;
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+AP�O�O=U�=�LNKCN=IIAN�EO�QOEJC�=�@KQ>HA�@=P=�PULA�PK�OPKNA�PDA�=IKQJP�KB�IKJAU�PD=P

EO�>AEJC�QOA@�BKN�R=NEKQO�LQNLKOAO�EJ�=�LNKCN=I��(A�IECDP�@A\JA�PDA�R=NE=>HAO�=O

BKHHKSO�

 K4@C?8������*8:H?4E��8NA<G<BA�B9�.4E<45?8F

double income;

double rent;

double vacation;

(KSARAN��DA�IECDP�QOA�PDA�PULA@AB�OP=PAIAJP�=J@�@A\JA�PDA�R=NE=>HAO�=O�BKHHKSO�

 K4@C?8������-F<A:�GLC8789�J;8A��89A<A:�.4E<45?8F

typedef double cash;

the typedef must be defined before its use

cash income;

cash rent;

cash vacation;

3DA�PULA@AB�OP=PAIAJP�EO�JKP�QOA@�RANU�KBPAJ�>U�>ACEJJEJC�LNKCN=IIANO��`P�QOQ=HHU

?NA=PAO�IKNA�?KJBQOEKJ�PD=J�JAA@A@��PDQO�OPE?G�PK�QOEJC�PDA�JKNI=H�@=P=�PULAO�=P�\NOP�

�������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA������GLC8789

!HHKSO�PDA�LNKCN=IIAN�PK�?NA=PA�=J�=HE=O��KN�OUJKJUI��BKN�=J�ATEOPEJC�@=P=�PULA�

����+8DH8A68�(C8E4GBE

������"8A8E4?��<F6HFF<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DAF8DH8A68�KN�?KII=	�KLAN=PKN�EO�QOA@�PK�OAL=N=PA�EPAIO��`P�D=O�OARAN=H�QOAO��BKQN

KB�SDE?D�=NA�HEOPA@�PDAJ�@AIKJOPN=PA@�

�� 3K�OAL=N=PA�E@AJPE\AN�J=IAO�SDAJ�@A?H=NEJC�R=NE=>HAO�KN�?KJOP=JPO

�� 3K�OAL=N=PA�OARAN=H�L=N=IAPANO�>AEJC�L=OOA@�EJPK�=�BQJ?PEKJ

�� 3K�OAL=N=PA�OARAN=H�EJEPE=HEV=PEKJ�EPAIO�KN�QL@=PA�EPAIO�EJ�=�BKN�HKKL

�� 2AL=N=PA�R=HQAO�@QNEJC�PDA�EJEPE=HEV=PEKJ�KB�=J�=NN=U

3DEO�\NOP�AT=ILHA�EO�KBPAJ�OAAJ�EJ�PATP>KKGO��>QP�PDEO�IAPDK@�KB�@A?H=NEJC�R=NE=>HAO�EO

JKP�LNABANNA@��`P�EO�@E^?QHP�PK�MQE?GHU�NA=@�PDA�E@AJPE\AN�J=IAO�
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int pig, dog, cat, rat;

3DA�BKHHKSEJC�RANPE?=H�IAPDK@�KB�@A?H=NEJC�R=NE=>HAO�KN�?KJOP=JPO�EO�LNABANNA@�

 K4@C?8������)E898EE87�.8EG<64?�&8G;B7�B9��89A<A:�.4E<45?8F

int pig;

int dog;

int cat;

int rat;

3DA�@=P=�PULAO�=J@�E@AJPE\AN�J=IAO��GJKSJ�=O�L=N=IAPANO	�=NA�OAL=N=PA@�BNKI�A=?D

KPDAN��3DEO�AT=ILHA�EO�=�BQJ?PEKJ�LNKPKPULA��@KQ>HA�=NA=�PN=LAVKE@�@KQ>HA�>=OA�

@KQ>HA�DAECDP��@KQ>HA�PKL	��`J�PDA�OUJP=T�KB�=�BKN�HKKL�UKQ�D=RA�PDNAA�L=NPO�A=?D

OAL=N=PA@�>U�=�OAIE
?KHKJ��3DA�\NOP�EO�PDA�EJEPE=H�EV=PEKJ�=NA=�SDE?D�?KQH@�D=RA�IKNA

PD=J�KJA�EJEPE=HEV=PEKJ��3DA�H=OP�EO�PDA�QL@=PA�=NA=�SDE?D�?KQH@�D=RA�IKNA�PD=J�KJA

QL@=PA��,QPELHA�EJEPE=HEV=PEKJO�KN�QL@=PAO�QOA�PDA�?KII=�PK�OAL=N=PA�PDAI��3DEO

AT=ILHA�EO�KJHU�PDA�\NOP�HEJA�KB�=�BKN�HKKL�

for(x =l, y =5; x  <  l5; x++, y++)

3DA�R=NE=>HA�=CAO�EO�=J�=NN=U�KB�EJPACANO��`JEPE=H�R=HQAO�=NA�=OOECJA@�QOEJC�>HK?G

I=NGANO�SEPD�PDA�R=HQAO�OAL=N=PA@�BNKI�A=?D�KPDAN�QOEJC�=�?KII=�

int ages[J = {2,4,6,29,32};

�������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA������F8DH8A68

!J�KLAN=PKN�QOA@�PK�OAL=N=PA�IQHPELHA�K??QNNAJ?AO�KB�=J�EPAI�

����)E46G<68�����;4E46G8E��4G49�+<M8BP�,LC878P

+8DH8A68

������%84EA<A:�(5=86G<I8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6EPD������=??QN=?U�@QNEJC�=��IAIKNU�>QEH@EJC�=?PEREPU��ATAN?EOAO��H=>�=OOECJIAJP�

LNK>HAIO��KN�PEIA@�MQEV�AT=I��PDA�OPQ@AJP�EO�ATLA?PA@�PK�
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�� $A\JA�PDA�PANIO�KJ�PDA�@A\JEPEKJO�=O�HEOPA@�EJ�PDA�IK@QHAO�=OOK?E=PA@�SEPD�PDEO

?D=LPAN�

�� 'ERAJ�=LLNKLNE=PA�@K?QIAJPO�LNK@Q?A@�>U�=�2UOPAI�!J=HUOP��?NA=PA�LH=JJEJC

@K?QIAJPO��LOAQ@K?K@A�=J@�PAOP�@=P=	��PDAJ�=�OKQN?A�?K@A�LNKCN=I�PD=P

=??KILHEODAO�PDA�CK=HO�KB�PDA�LNKCN=I�

������&8@BEL��H<?7<A:��6G<I<G<8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

,"!���

����

2AA�PDA�\HA�=P��DPPL���?JT�KNC�?KJPAJP�I������H=PAOP�EJ@AT�DPIH�

����

������ K8E6<F8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

 K8E6<F8������

�AFJ8E�G;8�9B??BJ<A:�FG4G8@8AGF�4F�8<G;8E�GEH8�BE�94?F8�

�� 3DA�?D=N=?PAN�@=P=�PULA�EJ�#���QOAO�PDA�@KQ>HA�MQKPA�I=NGO��HEGA��?D=N�CN=@A��!��

�� 2EVAKB�EO�=J�KLAN=PKN�PD=P�PAHHO�UKQ�DKS�I=JU�>UPAO�=�@=P=�PULA�K??QLEAO�EJ

OPKN=CA�

�� 3ULA@AB�DAHLO�LAKLHA�SDK�?=J�P�DA=N�=J@�EO�KJA�KB�PDA�OP=J@=N@�=??KIIK@=PEKJ

BA=PQNAO�KB�=�LNKCN=IIEJC�H=JCQ=CA�BKN�LAKLHA�SEPD�=�HA=NJEJC�@EO=>EHEPU�

�� 3DA�OAMQAJ?A�KLAN=PKN�ODKQH@�>A�QOA@�SDAJ�@ABJEJC�R=NE=>HAO�EJ�KN@AN�PK�O=RA

OL=?A�

�� /NKCN=IIEJC�?=J�>A�>KPD�AJFKU=>HA�=J@�BNQOPN=PEJC�

������&<F68??4A8BHF�QG8@F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

-KJA�=P�PDEO�PEIA�

��������%45��FF<:A@8AG

�����������E84G<A:�4�!B?78E�BE�+H5�!B?78E�9BE��;4CG8E����!<?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$ALAJ@EJC�KJ�UKQN�?KILEHAN�`$%��UKQ�ODKQH@�@A?E@A�SDANA�PK�@KSJHK=@�=J@�OPKNA

OKQN?A�?K@A�\HAO�BKN�LNK?AOOEJC��/NQ@AJ?A�@E?P=PAO�PD=P�UKQ�?NA=PA�PDAOA�BKH@ANO�=O
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JAA@A@�LNEKN�PK�@KSJHK=@EJC�OKQN?A�?K@A�\HAO��!�OQCCAOPA@�OQ>
BKH@AN�BKN�PDA

�?BB7F;87��8I��		���6B@C<?8E
Q� IECDP�>A�J=IA@�

[ #D=LPAN<���SEPDEJ�PDA�BKH@AN�J=IA@��#LL�2KQN?A�#K@A�&EHAO

`B�UKQ�D=RA�JKP�@KJA�OK��LHA=OA�?NA=PA�PDA�BKH@AN�O	�=J@�KN�OQ>
BKH@AN�O	�=O

=LLNKLNE=PA�

�����������BJA?B47�G;8�%45�!<?8�F�

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$KSJHK=@�=J@�OPKNA�PDA�BKHHKSEJC�\HA�O	�PK�UKQN�OPKN=CA�@ARE?A�EJ�PDA�=LLNKLNE=PA

BKH@AN�O	�

� Lab_09_Narrative_Description(http://www.opentextbooks.org.hk/system/files/resource/5/526
7/5558/media/Lab_09_Narrative_Description.txt)

� Lab_09_Aerial_View_Center_Pivot_Irrigation(http://www.opentextbooks.org.hk/system/files/r
esource/5/5267/5558/media/Lab_09_Aerial_View_Center_Pivot_Irrigation.jpg)

� Lab_09_Hierarchy_Chart(http://www.opentextbooks.org.hk/system/files/resource/5/5267/555
8/media/Lab_09_Hierarchy_Chart.jpg)

�����������8G4<?87�%45�QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

1A=@�=J@�BKHHKS�PDA�@ENA?PEKJO�>AHKS�?=NABQHHU��=J@�LANBKNI�PDA�OPALO�EJ�PDA�KN@AN

HEOPA@�

[ 1AREAS�PDA�#KJJATEKJO�IK@QHA��2UOPAIO�$ARAHKLIAJP�+EBA�#U?HA��SEPDEJ�PDA

#D=LPAN���I=PANE=HO��3DEJG�KB�UKQNOAHB�=O�=�LNKCN=IIAN�=OOECJA@�PK�=�LNKFA?P

@QNEJC�PDA�`ILHAIAJP=PEKJ�LD=OA�SEPD�UKQN�LNKBAOOKN�=O�PDA�2UOPAI�!J=HUOP�

[ -=REC=PA�PK�UKQN�OQ>
BKH@AN��#D=LPAN�����1AREAS�PDA�\NOP�PSK�EPAIO�LNKRE@A@�>U

PDA�OUOPAI�=J=HUOP�SDE?D�DA�LNK@Q?A@�@QNEJC�PDA�$AOECJ�LD=OA�KB�PDA�2UOPAIO

$ARAHKLIAJP�+EBA�#U?HA��3DAOA�PSK�@K?QIAJPO�DEOPKNE?=HHU�SKQH@�D=RA�>AAJ

LNEJPA@�=J@�>A�LH=?A@�EJPK�=�LNKCN=I�@K?QIAJP=PEKJ�BKH@AN��3DA�EPAIO�UKQ

LNK@Q?A�EJ�?NA=PEJC�PDA�LNKCN=I�SKQH@�>A�=@@A@�PK�PDA�BKH@AN��(KSARAN��ODEBPEJC

PK�KQN�L=LANHAOO�REAS�KB�PDA�SKNH@��PK@=U�PDAOA�EPAIO�IECDP�>A�?NA=PA@�=J@

OPKNA@�AHA?PNKJE?=HHU�EJ�AHA?PNKJE?�BKH@ANO��SDE?D�EO�>=OE?=HHU�SD=P�SA�=NA�@KEJC�>U

QOEJC�KQN�OQ>
BKH@AN�PEPHA@��#D=LPAN���	��3DA�PDEN@�EPAI��PDA�DEAN=N?DU�?D=NP��SKQH@

JKNI=HHU�>A�LNK@Q?A@�>U�PDA�LNKCN=IIAN��(KSARAN��CERAJ�UKQN�EJATLANEAJ?A��PDA

OUOPAI�=J=HUOP�D=O�?NA=PA@�EP�BKN�UKQ��,=GA�OQNA�UKQ�QJ@ANOP=J@�SD=P�PDA

LNKCN=I�EO�PK�@K��!JU�MQAOPEKJO�=OG�PDA�OUOPAI�=J=HUOP��=G=�UKQN�LNKBAOOKN	�

[ -.3%��3DA�J=NN=PERA�@AO?NELPEKJ�BKN�PDEO�H=>�=OOECJIAJP�@AO?NE>AO�DKS�B=NIANO�EJ

PDA�IE@
SAOP�L=NP�KB�PDA�4JEPA@�2P=PAO�ENNEC=PA�=�LEA?A�KB�H=J@�QOEJC�=�?EN?QH=N

ENNEC=PEKJ�OUOPAI��3DEO�LN=?PE?A�=HOK�GJKSJ�PK�=O�?AJPAN�LERKP�ENNEC=PEKJ�EO�JKP

QJEMQA�PK�PDA�4JEPA@�2P=PAO��'KKCHA��I=L�0=P=N���?HE?G�KJ�PDA�I=L�=J@�OSEP?D�PK

PDA��2=PAHHEPA��REAS��VKKI�EJ�=J@�JKPE?A�PD=P�PDANA�=NA�OARAN=H�OLKPO�EJ�PDEO�OI=HH

IE@@HA�A=OPANJ�?KQJPNU�SDANA�PDEO�PULA�KB�ENNEC=PEKJ�EO�>AEJC�QOA@���3DAOA�OUOPAIO
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=NA�BKQJ@�=J@�QOA@�EJ�=HH�L=NPO�KB�PDA�SKNH@�����SDE?D�OQLLKNPO�PDA

=LLNKLNE=PAJAOO�KB�PDEO�LNKCN=IIEJC�LNK>HAI�PK�=HH�OPQ@AJPO�

Note: In you r pseudocode document you do not need to create any pseudocode

for the Standard Library or User Library functions. Just indicate that you call

them from the Program Control functions. If needed, review the Connexions

module "Pseudocode Examples for Functions" within the Chapter 6 materials.

HINT: Copying the pseudocode and test data files from the Chapter 06 folder

might be a good way to start building these items.

[ $AOECJ�PDA�LNKCN=I�=J@�?NA=PA�UKQN�PAOP�@=P=�>U�>QEH@EJC�=%45���

)F8H7B6B78�GKG\HA�=J@�=%45����,8FG��4G4 �PTP�\HA��6!1-`-'��$KJ�P�PKQ?D�PDA

?KILEHAN�`$%��$KJ�P�OP=NP�>U�?NA=PEJC�PDA�OKQN?A�?K@A�\HA��#NA=PEJC�PDA�OKQN?A

?K@A�PDAJ�LNK@Q?EJC�PDA�LH=JJEJC�@K?QIAJP=PEKJ�=BPANS=N@O�EO�=�>=@�D=>EP�PD=P

>ACEJJEJC�LNKCN=IIANO�KBPAJ�=?MQENA�

[ !BPAN�UKQ�D=RA�OQ??AOOBQHHU�LH=JJA@�PDA�@K?QIAJP�=J@�?NA=PA@�UKQN�PAOP�@=P=�

?NA=PA�PDA�OKQN?A�?K@A�\HA�J=IEJC�EP�%45����6CC (`-32��4OEJC�=�LNAREKQO�OKQN?A

?K@A�\HA�=O�UKQN�OP=NPEJC�\HA�I=GAO�OAJOA��3DA�\HA�EJ�PDA�#D=LPAN����BKH@AN�IECDP

>A�=�CKK@�OP=NP��8KQ�IECDP�S=JP�PK�?KLU�OKIA�KB�PDA�EJ?HQ@A�EJBKNI=PEKJ�BNKI�PDA

5ANEBU�(A=@AN�?K@A�EJ�#D=LPAN����EJPK�UKQN�+=>����OKQN?A�?K@A�\HA�

[ "QEH@��?KILEHA�=J@�NQJ	�UKQN�LNKCN=I�

[ !BPAN�UKQ�D=RA�OQ??AOOBQHHU�SNEPPAJ�PDEO�LNKCN=I��EB�UKQ�=NA�P=GEJC�PDEO�?KQNOA�BKN

?KHHACA�?NA@EP��BKHHKS�PDA�EJOPNQ?PEKJO�BNKI�UKQN�LNKBAOOKN�EJOPNQ?PKN�BKN

OQ>IEPPEJC�EP�BKN�CN=@EJC�

��������)EB5?8@F

����������)EB5?8@���4��QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�OAMQAJ?A�KLAN=PKN�?=J�>A�QOA@�SDAJ�@A?H=NEJC�IQHPELHA�E@AJPE\AN�J=IAO�BKN

R=NE=>HAO�KN�?KJOP=JPO�KB�PDA�O=IA�@=P=�PULA��`O�PDEO�=�CKK@�KN�>=@�LNKCN=IIEJC�D=>EP

=J@�SDU�

��������+B?HG<BAF�GB� K8E6<F8F�<A��;4CG8E��

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+B?HG<BAF�GB�)E46G<68�����;4E46G8E��4G4
�+<M8B9
�,LC8789
�+8DH8A68

+B?HG<BA�GB� K8E6<F8��������AFJ8EF�

�� B=HOA

�� PNQA

�� B=HOA
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�� B=HOA

�� PNQA
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�;4CG8E����QAGEB7H6G<BA�GB

+GEH6GHE87�)EB:E4@@<A:

�����+GEH6GHE87�)EB:E4@@<A:

�������QAGEB7H6G<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

.JA�KB�PDA�IKOP�EILKNP=JP�?KJ?ALPO�KB�LNKCN=IIEJC�EO�PDA�=>EHEPU�PK�?KJPNKH�=

LNKCN=I�OK�PD=P�@E_ANAJP�HEJAO�KB�?K@A�=NA�ATA?QPA@�KN�PD=P�OKIA�HEJAO�KB�?K@A�=NA

ATA?QPA@�I=JU�PEIAO��3DA�IA?D=JEOIO�PD=P�=HHKS�QO�PK�?KJPNKH�PDA�BKS�KB�ATA?QPEKJ

=NA�?=HHA@�?KJPNKH�OPNQ?PQNAO��&HKS?D=NPEJC�EO�=�IAPDK@�KB�@K?QIAJPEJC��?D=NPEJC	�PDA

BKS��KN�L=PDO	�PD=P�=�LNKCN=I�SKQH@�ATA?QPA��3DANA�=NA�BKQN�I=EJ�?=PACKNEAO�KB

?KJPNKH�OPNQ?PQNAO�

[ +8DH8A685ANU�>KNEJC��2EILHU�@K�KJA�EJOPNQ?PEKJ�PDAJ�PDA�JATP�=J@�PDA�JATP��)QOP

@K�PDAI�EJ�=�CERAJ�OAMQAJ?A�KN�EJ�KN@AN�HEOPA@��,KOP�HEJAO�KB�?K@A�=NA�PDEO�

[ +8?86G<BA3DEO�EO�SDANA�UKQ�OAHA?P�KN�?DKKOA�>APSAAJ�PSK�KN�IKNA�BKSO��3DA

?DKE?A�EO�@A?E@A@�>U�=OGEJC�OKIA�OKNP�KB�MQAOPEKJ��3DA�=JOSAN�@APANIEJAO�PDA

L=PD��KN�SDE?D�HEJAO�KB�?K@A	�SEHH�>A�ATA?QPA@�

[ QG8E4G<BA!HOK�GJKSJ�=O�NALAPEPEKJ��EP�=HHKSO�OKIA�?K@A��KJA�PK�I=JU�HEJAO	�PK�>A

ATA?QPA@��KN�NALA=PA@	�OARAN=H�PEIAO��3DA�?K@A�IECDP�JKP�>A�ATA?QPA@�=P�=HH

�NALA=P�EP�VANK�PEIAO	��ATA?QPA@�=�BTA@�JQI>AN�KB�PEIAO�KN�ATA?QPA@�EJ@ABJEPAHU

QJPEH�OKIA�?KJ@EPEKJ�D=O�>AAJ�IAP��!HOK�GJKSJ�=O�HKKLEJC�>A?=QOA�PDA

BKS?D=NPEJC�ODKSO�PDA�BKS�HKKLEJC�>=?G�PK�NALA=P�PDA�P=OG�

[ �E4A6;<A: !�?KJPNKH�OPNQ?PQNA�PD=P�=HHKSO�PDA�BKS�KB�ATA?QPEKJ�PK�FQIL�PK�=

@E_ANAJP�L=NP�KB�PDA�LNKCN=I��3DEO�?=PACKNU�EO�N=NAHU�QOA@�EJ�IK@QH=N�OPNQ?PQNA@

LNKCN=IIEJC�

!HH�DECD
HARAH�LNKCN=IIEJC�H=JCQ=CAO�D=RA�?KJPNKH�OPNQ?PQNAO��!HH�H=JCQ=CAO�D=RA�PDA

\NOP�PDNAA�?=PACKNEAO�KB�?KJPNKH�OPNQ?PQNAO��OAMQAJ?A��OAHA?PEKJ��=J@�EPAN=PEKJ	��,KOP

D=RA�PDA<9�G;8A8?F8OPNQ?PQNA��SDE?D�>AHKJCO�PK�PDA�OAHA?PEKJ�?=PACKNU	�=J@�PDAJ;<?8

OPNQ?PQNA��SDE?D�>AHKJCO�PK�PDA�EPAN=PEKJ�?=PACKNU	��!BPAN�PDAOA�PSK�>=OE?�OPNQ?PQNAO

PDANA�=NA�QOQ=HHU�H=JCQ=CA�R=NE=PEKJO�

3DA�?KJ?ALP�KBFGEH6GHE87�CEB:E4@@<A:OP=NPA@�EJ�PDA�H=PA������O�SEPD�=J�=NPE?HA�>U

%@OCAN�$EFGOPN=��(A�LNKLKOA@�=��CK�PK�HAOO��IAPDK@�KB�LH=JJEJC�LNKCN=IIEJC�HKCE?

PD=P�AHEIEJ=PA@�PDA�JAA@�BKN�PDA�>N=J?DEJC�?=PACKNU�KB�?KJPNKH�OPNQ?PQNAO��3DA�PKLE?

S=O�@A>=PA@�BKN�=>KQP����UA=NO��"QP�QHPEI=PAHU��"U�PDA�AJ@�KB�PDA���PD�?AJPQNU�JA=NHU

=HH�?KILQPAN�O?EAJPEOPO�SANA�?KJREJ?A@�PD=P�EP�EO�QOABQH�PK�HA=NJ�=J@�=LLHU�PDA�?KJ?ALPO

KB�OPNQ?PQNA@�LNKCN=IIEJC�
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���������QAGEB7H6G<BA�GB�+8?86G<BA��BAGEB?�+GEH6GHE8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�>=OE?�=PPNE>QPA�KB�=�OAHA?PEKJ�?KJPNKH�OPNQ?PQNA�EO�PK�>A�=>HA�PK�OAHA?P�>APSAAJ�PSK

KN�IKNA�=HPANJ=PA�L=PDO��3DEO�EO�@AO?NE>A@�=O�AEPDANGJB�J4L�F8?86G<BA�BE�@H?G<J4L

F8?86G<BA��!�MQAOPEKJ�QOEJC�"KKHA=J�?KJ?ALPO�QOQ=HHU�?KJPNKHO�SDE?D�L=PD�EO�OAHA?PA@�

!HH�KB�PDA�L=PDO�BNKI�=�OAHA?PEKJ�?KJPNKH�OPNQ?PQNA�FKEJ�>=?G�QL�=P�PDA�AJ@�KB�PDA

?KJPNKH�OPNQ?PQNA��>ABKNA�IKREJC�KJ�PK�PDA�JATP�HEJAO�KB�?K@A�EJ�=�LNKCN=I�

6A�D=RA�IAJPEKJA@�PD=P�PDA<9�G;8A�8?F8?KJPNKH�OPNQ?PQNA�>AHKJCO�PK�PDA�OAHA?PEKJ

?=PACKNU�=J@�EO�=�PSK
S=U�OAHA?PEKJ�

 K4@C?8�������<9�G;8A�8?F8�6BAGEB?�FGEH6GHE8

if (age  >  l7)

{

cout Ç  "You can vote.";

}

else

{

cout Ç  "You can't vote.";

}

���������QAGEB7H6G<BA�GB�QG8E4G<BA��BAGEB?�+GEH6GHE8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�>=OE?�=PPNE>QPA�KB�=J�EPAN=PEKJ�?KJPNKH�OPNQ?PQNA�EO�PK�>A�=>HA�PK�NALA=P�OKIA�HEJAO

KB�?K@A��3DA�REOQ=H�@EOLH=U�KB�EPAN=PEKJ�?NA=PAO�=�?EN?QH=N�HKKL�L=PPANJ�SDAJ

]KS?D=NPA@��PDQO�PDA�SKN@��HKKL��EO�=OOK?E=PA@�SEPD�EPAN=PEKJ�?KJPNKH�OPNQ?PQNAO�

`PAN=PEKJ�?=J�>A�=??KILHEODA@�SEPDG8FG�589BE8�?BBCF
�6BHAG<A:�?BBCF��=J@G8FG�49G8E

?BBCF��!�MQAOPEKJ�QOEJC�"KKHA=J�?KJ?ALPO�QOQ=HHU�?KJPNKHO�DKS�HKJC�PDA�HKKL�SEHH

ATA?QPA�

6A�D=RA�IAJPEKJA@�PD=P�PDAJ;<?8 ?KJPNKH�OPNQ?PQNA�>AHKJCO�PK�PDA�EPAN=PEKJ�?=PACKNU

=J@�EO�=�PAOP�>ABKNA�HKKL�

 K4@C?8�������J;<?8�6BAGEB?�FGEH6GHE8

counter = 0;

while (counter  <  5)

{

cout Ç "\nI love computers!";

counter ++;
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}

��������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������6BAGEB?�FGEH6GHE8F

,A?D=JEOIO�PD=P�=HHKS�QO�PK�?KJPNKH�PDA�BKS�KB�ATA?QPEKJ�SEPDEJ�=�LNKCN=I�

�8NA<G<BA�������F8DH8A68

!�?KJPNKH�OPNQ?PQNA�SDANA�UKQ�@K�PDA�EPAIO�EJ�PDA�OAMQAJ?A�HEOPA@�

�8NA<G<BA�������F8?86G<BA

!�?KJPNKH�OPNQ?PQNA�SDANA�UKQ�OAHA?P�>APSAAJ�PSK�KN�IKNA�?DKE?AO�

�8NA<G<BA�������<G8E4G<BA

!�?KJPNKH�OPNQ?PQNA�PD=P�=HHKSO�OKIA�HEJAO�KB�?K@A�PK�>A�ATA?QPA@�I=JU�PEIAO�

�8NA<G<BA�������5E4A6;<A:

!�?KJPNKH�OPNQ?PQNA�PD=P�=HHKSO�PDA�BKS�KB�ATA?QPEKJ�PK�FQIL�PK�=�@E_ANAJP�L=NP�KB�PDA

LNKCN=I�

�8NA<G<BA�������FGEH6GHE87�CEB:E4@@<A:

!�IAPDK@�KB�LH=JJEJC�LNKCN=IO�PD=P�=RKE@O�PDA�>N=J?DEJC�?=PACKNU�KB�?KJPNKH

OPNQ?PQNAO�

�����)F8H7B6B78� K4@C?8F�9BE��BAGEB?�+GEH6GHE8F

�������(I8EI<8J

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

-K�OP=J@=N@�BKN�LOAQ@K?K@A�OUJP=T�ATEOPO��(KSARAN��PDANA�=NA�OKIA�?KIIKJHU

BKHHKSA@�?KJRAJPEKJO�PK�DAHL�I=GA�LOAQ@K?K@A�SNEPPAJ�>U�KJA�LNKCN=IIAN�A=OEHU

QJ@ANOPKK@�>U�=JKPDAN�LNKCN=IIAN��,KOP�KB�PDAOA�?KJRAJPEKJO�BKHHKS�PSK�?KJ?ALPO�

[ 4OA�EJ@AJP=PEKJ�PK�ODKS�PDA�=?PEKJ�L=NP�KB�=�?KJPNKH�OPNQ?PQNA

[ 4OA�=J�AJ@EJCC;E4F8�JBE7 PK�AJ@�=�?KJPNKH�OPNQ?PQNA

3DA�OAMQAJ?A�?KJPNKH�OPNQ?PQNA�OEILHU�HEOPO�PDA�HEJAO�KB�LOAQ@K?K@A��3DA�?KJ?ANJ�EO

JKP�SEPD�PDA�OAMQAJ?A�?=PACKNU�>QP�SEPD�OAHA?PEKJ�=J@�PSK�KB�PDA�EPAN=PEKJ�?KJPNKH

OPNQ?PQNAO��3DA�BKHHKSEJC�=NA�?KIIKJHU�QOA@�AJ@EJC�LDN=OA
SKN@O�

120

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


Control Structu re Ending Phrase Word

If then Else Endif

Case Endcase

While Endwhile

For Endfor

Table 10.1 Examples of common ending phrase-words

3DA�B�/;<?8 =J@*8C84G�-AG<?EPAN=PEKJ�?KJPNKH�OPNQ?PQNAO�@KJ�P�JAA@�=J�AJ@EJC

LDN=OA
SKN@��6A�OEILHU�QOA�PDA�\NOP�SKN@��PDAJ�PDA�=?PEKJ�L=NP��BKHHKSA@�>U�PDA

OA?KJ@�SKN@�SEPD�PDA�PAOP�ATLNAOOEKJ��(ANA�=NA�OKIA�AT=ILHAO�

�������+8?86G<BA��BAGEB?�+GEH6GHE8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

 K4@C?8�������CF8H7B6B78��Q9�G;8A� ?F8

If age  > 17

Display a message indicating you can vote.

Else

Display a message indicating you can't vote.

Endif

 K4@C?8�������CF8H7B6B78���4F8

Case of age

0 to 17 Display "You can't vote."

18 to 64 Display "You're in your working years."

65 + Display "You should be retired."

Endcase

�������QG8E4G<BA��*8C8G<G<BA���BAGEB?�+GEH6GHE8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

 K4@C?8�������CF8H7B6B78��/;<?8
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count assigned zero

While count  < 5

Display "I love computers!"

Increment count

Endwhile

 K4@C?8�������CF8H7B6B78��!BE

For x starts at 0, x < 5, increment x

Display "Are we having fun?"

Endfor

 K4@C?8�������CF8H7B6B78���B�/;<?8

count assigned five

Do

Display "Blast off is soon!"

Decrement count

While count > zero

 K4@C?8�������CF8H7B6B78��*8C84G�-AG<?

count assigned five

Repeat

Display "Blast off is soon!"

Decrement count

Until count  < one

�����!?BJ6;4EG<A:

�������!?BJ6;4EG<A:�+L@5B?F

���������,8E@<A4?

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�NKQJ@A@�NA?P=JCHAO��KN�PANIEJ=H�LKEJPO��EJ@E?=PA�PDA�BKS?D=NP�O�OP=NPEJC�=J@

AJ@EJC�LKEJPO�
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!<:HE8����� !?BJ6;4EG�F�FG4EG<A:�4A7�8A7<A:�CB<AGF

���������)EB68FF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�NA?P=JCHA�@ALE?PO�=�LNK?AOO�OQ?D�=O�=�I=PDAI=PE?=H�?KILQP=PEKJ��KN�=�R=NE=>HA

=OOECJIAJP�
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!<:HE8����� ,;8�E86G4A:?8�78C<6GF�4�CEB68FF

Note: the C++ language equivalent is the statement.

���������QACHG
(HGCHG

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�L=N=HHAHKCN=IO�@AOECJ=PA�EJLQP�KN�KQPLQP�KLAN=PEKJO�
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!<:HE8����� ,;8�C4E4??8?B:E4@F�78F<:A4G8�<ACHG�BE�BHGCHG�BC8E4G<BAF

Note: the C++ language equivalent is cin or cout.

����������BAA86GBEF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

2KIAPEIAO�=�BKS?D=NP�EO�>NKGAJ�EJPK�PSK�KN�IKNA�OI=HHAN�BKS?D=NPO��3DEO�EO�QOQ=HHU

@KJA�SDAJ�=�BKS?D=NP�@KAO�JKP�BP�KJ�=�OEJCHA�L=CA��KN�IQOP�>A�@ERE@A@�EJPK�OA?PEKJO��!

?KJJA?PKN�OUI>KH��SDE?D�EO�=�OI=HH�?EN?HA�SEPD�=�HAPPAN�KN�JQI>AN�EJOE@A�EP��=HHKSO�UKQ

PK�?KJJA?P�PSK�BKS?D=NPO�KJ�PDA�O=IA�L=CA��!�?KJJA?PKN�OUI>KH�PD=P�HKKGO�HEGA�=

LK?GAP�KJ�=�ODENP��=HHKSO�UKQ�PK�?KJJA?P�PK�=�BKS?D=NP�KJ�=�@E_ANAJP�L=CA�
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!<:HE8����� (A�)4:8��BAA86GBE

!<:HE8����� (P�)4:8��BAA86GBE
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����������86<F<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�@E=IKJ@�EO�QOA@�PK�NALNAOAJP�PDA�PNQA�B=HOA�OP=PAIAJP�>AEJC�PAOPA@�EJ�=�@A?EOEKJ

OUI>KH�

!<:HE8����� ,;8�7<4@BA7�<F�HF87�GB�E8CE8F8AG�G;8�GEH8
94?F8�FG4G8@8AG

���������&B7H?8��4??

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

!�LNKCN=I�IK@QHA�EO�NALNAOAJPA@�EJ�=�BKS?D=NP�>U�NA?P=JCHA�SEPD�OKIA�HEJAO�PK

@EOPEJCQEOD�EP�BNKI�LNK?AOO�OUI>KH��.BPAJ�LNKCN=IIANO�SEHH�I=GA�=�@EOPEJ?PEKJ

>APSAAJ�LNKCN=I�?KJPNKH�=J@�OLA?E\?�P=OG�IK@QHAO�=O�ODKSJ�>AHKS�

Note: C++ equivalent is the function.

+K?=H�IK@QHA��QOQ=HHU�=�LNKCN=I�?KJPNKH�BQJ?PEKJ�

127

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


!<:HE8����� *86G4A:?8�J<G;�4�?<A8

+E>N=NU�IK@QHA��QOQ=HHU�=�OLA?E\?�P=OG�BQJ?PEKJ�

!<:HE8����� *86G4A:?8�J<G;�FB@8�?<A8F
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���������!?BJ�%<A8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

Note: The default flow is left to right and top to bottom (the same way you read

English). T o save time arrowheads are often only drawn when the flow lines go

contrary the normal.

!<:HE8����� ,;8�7894H?G�OBJ

������� K4@C?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6A�SEHH�@AIKJOPN=PA�R=NEKQO�BKS?D=NPEJC�EPAIO�>U�ODKSEJC�PDA�BKS?D=NP�BKN�OKIA

LOAQ@K?K@A�

�������!HA6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

 K4@C?8�������CF8H7B6B78��!HA6G<BA�J<G;�AB�C4E4@8G8E�C4FF<A:

Function clear monitor

Pass In: nothing
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Direct the operating system to clear the monitor

Pass Out: nothing

Endfunction

!<:HE8������ !HA6G<BA�6?84E�@BA<GBE

 K4@C?8��������CF8H7B6B78��!HA6G<BA�@4<A�64??<A:�G;8�6?84E�@BA<GBE�9HA6G<BA

Function main

Pass In: nothing

Doing some lines of code

Call: clear monitor

Doing some lines of code

Pass Out: value zero to the operating system

Endfunction
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!<:HE8������ !HA6G<BA�@4<A

���������+8DH8A68��BAGEB?�+GEH6GHE8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�JATP�EPAI�EO�LOAQ@K?K@A�BKN�=�OEILHA�PAILAN=PQNA�?KJRANOEKJ�LNKCN=I��3DEO

@AIKJOPN=PAO�PDA�QOA�KB�>KPD�PDA�KJ
L=CA�=J@�KB
L=CA�?KJJA?PKNO��`P�=HOK�EHHQOPN=PAO

PDA�OAMQAJ?A�?KJPNKH�OPNQ?PQNA�SDANA�JKPDEJC�QJQOQ=HHU�D=LLAJO��)QOP�@K�KJA

EJOPNQ?PEKJ�=BPAN�=JKPDAN�EJ�PDA�OAMQAJ?A�HEOPA@�

 K4@C?8���� �� ��CF8H7B6B78��+8DH8A68�6BAGEB?�FGEH6GHE8

Filename: Solution_Lab_04_Pseudocode.txt

Purpose: Convert Temperature from Fahrenheit to Celsius

Author: Ken Busbee;  © 2008 Kenneth Leroy Busbee

Date: Dec 24, 2008

Pseudocode = IPO Outline

input

display a message asking user for the temperature in Fahrenheit

get the temperature from the keyboard

processing

calculate the Celsius by subtracting 32 from the Fahrenheit

temperature then multiply the result by 5 then

divide the result by 9. Round up or down to the whole number.

HINT: Use 32.0 when subtracting to ensure floating-point accuracy.
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output

display the celsius with an appropriate message

pause so the user can see the answer

!<:HE8������ +8DH8A68�6BAGEB?�FGEH6GHE8

!<:HE8������ +8DH8A68�6BAGEB?�FGEH6GHE87�6BAG<AH87
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���������+8?86G<BA��BAGEB?�+GEH6GHE8F� K4@C?8��������CF8H7B6B78��Q9

G;8A� ?F8

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

If age  >  l7

Display a message indicating you can vote.

Else

Display a message indicating you can't vote.

Endif

!<:HE8������ Q9�G;8A� ?F8�6BAGEB?�FGEH6GHE8

 K4@C?8��������CF8H7B6B78���4F8

Case of age

0 to 17 Display "You can't vote."

18 to 64 Display "Your in your working years."

65 + Display "You should be retired."

Endcase
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!<:HE8������ �4F8�6BAGEB?�FGEH6GHE8

���������QG8E4G<BA��*8C8G<G<BA���BAGEB?�+GEH6GHE8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

 K4@C?8��������CF8H7B6B78��/;<?8

count assigned zero

While count  < 5

Display "I love computers!"

Increment count

Endwhile
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!<:HE8������ /;<?8�6BAGEB?�FGEH6GHE8

 K4@C?8��������CF8H7B6B78��!BE

For x starts at 0, x  < 5, increment x

Display "Are we having fun?"

Endfor

3DA�BKN�HKKL�@KAO�JKP�D=RA�=�OP=J@=N@�BKS?D=NPEJC�IAPDK@�=J@�UKQ�SEHH�\J@�EP�@KJA�EJ

@E_ANAJP�S=UO��3DA�BKN�HKKL�=O�=�?KQJPEJC�HKKL�?=J�>A�BKS?D=NPA@�OEIEH=N�PK�PDA�SDEHA

HKKL�=O�=�?KQJPEJC�HKKL�
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!<:HE8������ !BE�6BAGEB?�FGEH6GHE8

 K4@C?8��������CF8H7B6B78���B�/;<?8

count assigned five

Do

Display "Blast off is soon!"

Decrement count

While count > zero
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!<:HE8������ �B�/;<?8�6BAGEB?�FGEH6GHE8

 K4@C?8��������CF8H7B6B78��*8C84G�-AG<?

count assigned five

Repeat

Display "Blast off is soon!"

Decrement count

Until count  < one
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!<:HE8������ *8C84G�-AG<?�6BAGEB?�FGEH6GHE8

��������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������OBJ6;4EG<A:

!�LNKCN=IIEJC�@AOECJ�PKKH�PD=P�QOAO�CN=LDE?=H�AHAIAJPO�PK�REOQ=HHU�@ALE?P�PDA�]KS�KB

HKCE?�SEPDEJ�=�BQJ?PEKJ�

�8NA<G<BA�������CEB68FF�FL@5B?

!�NA?P=JCHA�QOA@�EJ�]KS?D=NPEJC�BKN�JKNI=H�LNK?AOOAO�OQ?D�=O�=OOECJIAJP�

�8NA<G<BA�������<ACHG
BHGCHG�FL@5B?

!�L=N=HHAHKCN=I�QOA@�EJ�]KS?D=NPEJC�BKN�EJLQP�KQPLQP�EJPAN=?PEKJO�

�8NA<G<BA��������786<F<BA�FL@5B?

!�@E=IKJ@�QOA@�EJ�]KS?D=NPEJC�BKN�=OGEJC�=�MQAOPEKJ�=J@�I=GEJC�=�@A?EOEKJ�

�8NA<G<BA��������OBJ�?<A8F

+EJAO��OKIAPEIAO�SEPD�=NNKSO	�PD=P�?KJJA?P�PDA�R=NEKQO�BKS?D=NPEJC�OUI>KHO�
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�����)E46G<68�����QAGEB7H6G<BA�GB�+GEH6GHE87

)EB:E4@@<A:

�������%84EA<A:�(5=86G<I8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6EPD������=??QN=?U�@QNEJC�=��IAIKNU�>QEH@EJC�=?PEREPU��ATAN?EOAO��H=>�=OOECJIAJP�

LNK>HAIO��KN�PEIA@�MQEV�AT=I��PDA�OPQ@AJP�EO�ATLA?PA@�PK�

�� $A\JA�PDA�PANIO�KJ�PDA�@A\JEPEKJO�=O�HEOPA@�EJ�PDA�IK@QHAO�=OOK?E=PA@�SEPD�PDEO

?D=LPAN�

�� 'ERAJ�LOAQ@K?K@A��SNEPA�PDA�#���?K@A�BKN�=�LNKCN=I�PD=P�QOAO�EB�PDAJ�AHOA�=J@

SDEHA�?KJPNKH�OPNQ?PQNAO�

���������&8@BEL��H<?7<A:��6G<I<G<8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

,"!���

����

2AA�PDA�\HA�=P��DPPL���?JT�KNC�?KJPAJP�I������H=PAOP�EJ@AT�DPIH�

����

������� K8E6<F8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

 K8E6<F8�������

�AFJ8E�G;8�9B??BJ<A:�FG4G8@8AGF�4F�8<G;8E�GEH8�BE�94?F8�

�� 3DANA�=NA�KJHU�PSK�?=PACKNEAO�KB�?KJPNKH�OPNQ?PQNAO�

�� "N=J?DEJC�?KJPNKH�OPNQ?PQNAO�=NA�N=NAHU�QOA@�EJ�CKK@�OPNQ?PQNA@�LNKCN=IIEJC�

�� `B�PDAJ�AHOA�EO�=�IQHPES=U�OAHA?PEKJ�?KJPNKH�OPNQ?PQNA�

�� 3DA�SDEHA�?KJPNKH�OPNQ?PQNA�EO�L=NP�KB�PDA�>N=J?DEJC�?=PACKNU�

�� /OAQ@K?K@A�EO�>APPAN�PD=J�]KS?D=NPEJC�

�������&<F68??4A8BHF�QG8@F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

-KJA�=P�PDEO�PEIA�
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�������%45��FF<:A@8AG

����������E84G<A:�4�!B?78E�BE�+H5�!B?78E�9BE��;4CG8E����!<?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$ALAJ@EJC�KJ�UKQN�?KILEHAN�`$%��UKQ�ODKQH@�@A?E@A�SDANA�PK�@KSJHK=@�=J@�OPKNA

OKQN?A�?K@A�\HAO�BKN�LNK?AOOEJC��/NQ@AJ?A�@E?P=PAO�PD=P�UKQ�?NA=PA�PDAOA�BKH@ANO�=O

JAA@A@�LNEKN�PK�@KSJHK=@EJC�OKQN?A�?K@A�\HAO��!�OQCCAOPA@�OQ>
BKH@AN�BKN�PDA

�?BB7F;87��8I��		���6B@C<?8E
Q� IECDP�>A�J=IA@�

[ #D=LPAN����SEPDEJ�PDA�BKH@AN�J=IA@��#LL�2KQN?A�#K@A�&EHAO

`B�UKQ�D=RA�JKP�@KJA�OK��LHA=OA�?NA=PA�PDA�BKH@AN�O	�=J@�KN�OQ>
BKH@AN�O	�=O

=LLNKLNE=PA�

����������BJA?B47�G;8�%45�!<?8�F�

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$KSJHK=@�=J@�OPKNA�PDA�BKHHKSEJC�\HA�O	�PK�UKQN�OPKN=CA�@ARE?A�EJ�PDA�=LLNKLNE=PA

BKH@AN�O	�

� Lab_10_Pseudocode(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5595/med
ia/Lab_10_Pseudocode.txt)

����������8G4<?87�%45�QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

1A=@�=J@�BKHHKS�PDA�@ENA?PEKJO�>AHKS�?=NABQHHU��=J@�LANBKNI�PDA�OPALO�EJ�PDA�KN@AN

HEOPA@�

[ #NA=PA�=�OKQN?A�?K@A�\HA�BNKI�PDA�+=>����/OAQ@K?K@A�PTP�\HA��-=IA�EP��+=>����?LL

[ "QEH@��?KILEHA�=J@�NQJ	�UKQN�LNKCN=I�

[ !BPAN�UKQ�D=RA�OQ??AOOBQHHU�SNEPPAJ�PDEO�LNKCN=I��EB�UKQ�=NA�P=GEJC�PDEO�?KQNOA�BKN

?KHHACA�?NA@EP��BKHHKS�PDA�EJOPNQ?PEKJO�BNKI�UKQN�LNKBAOOKN�EJOPNQ?PKN�BKN

OQ>IEPPEJC�EP�BKN�CN=@EJC�

�������)EB5?8@F

���������)EB5?8@���4���QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+EOP�PDA�BKQN�?=PACKNEAO�KB�?KJPNKH�OPNQ?PQNAO�=J@�LNKRE@A�=�>NEAB�@AO?NELPEKJ�KB�A=?D

?=PACKNU�

140

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://www.opentextbooks.org.hk/system/files/resource/5/5267/5595/media/Lab_10_Pseudocode.txt
http://www.opentextbooks.org.hk/system/files/resource/5/5267/5595/media/Lab_10_Pseudocode.txt
http://www.opentextbooks.org.hk/system/files/resource/5/5267/5595/media/Lab_10_Pseudocode.txt
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


�������+B?HG<BAF�GB� K8E6<F8F�<A��;4CG8E���

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+B?HG<BAF�GB�)E46G<68�����QAGEB7H6G<BA�GB�+GEH6GHE87�)EB:E4@@<A:

+B?HG<BA�GB� K8E6<F8�������

�AFJ8EF�

�� B=HOA

�� PNQA

�� B=HOA

�� B=HOA

�� B=HOA
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�;4CG8E����,JB�/4L�+8?86G<BA

�����Q9�,;8A� ?F8

�������QAGEB7H6G<BA�GB�,JB�/4L�+8?86G<BA

���������,E47<G<BA4?�,JB�/4L�+8?86G<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6A�=NA�CKEJC�PK�EJPNK@Q?A�PDA�?KJPNKH�OPNQ?PQNA�BNKI�PDA�OAHA?PEKJ�?=PACKNU�PD=P�EO

=R=EH=>HA�EJ�ARANU�DECD�HARAH�H=JCQ=CA��`P�EO�?=HHA@�PDA<9�G;8A�8?F8OPNQ?PQNA��!OGEJC�=

MQAOPEKJ�PD=P�D=O�=�PNQA�KN�B=HOA�=JOSAN�?KJPNKHO�PDA�EB�PDAJ�AHOA�OPNQ?PQNA��`P�HKKGO�HEGA

PDEO�

if the answer to the question is true

then do this

else because it's false

do this

`J�IKOP�H=JCQ=CAO�PDA�MQAOPEKJ��?=HHA@�=G8FG�8KCE8FF<BA	�EO�=�BB?84A�8KCE8FF<BA�

3DA�"KKHA=J�@=P=�PULA�D=O�PSK�R=HQAO�PNQA�=J@�B=HOA��+AP�O�NASNEPA�PDA�OPNQ?PQNA�PK

?KJOE@AN�PDEO�

if expression is true

then do this

else because it's false

do this

2KIA�H=JCQ=CAO�QOA�NAOANRA@�SKN@O�KB���EB����PDAJ��=J@��AHOA���,=JU�AHEIEJ=PA�PDA

�PDAJ���!@@EPEKJ=HHU�PDA��@K�PDEO��?=J�>A�PEA@�PK�PNQA�=J@�B=HOA��8KQ�IECDP�OAA�EP�=O�

if expression is true

action true

else

action false

!J@�IKOP�H=JCQ=CAO�EJBAN�PDA��EO�PNQA��UKQ�IECDP�OAA�EP�=O�

if expression

action true
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else

action false

3DA�=>KRA�BKQN�BKNIO�KB�PDA�?KJPNKH�OPNQ?PQNA�=NA�O=UEJC�PDA�O=IA�PDEJC��3DA�AHOA

SKN@�EO�KBPAJ�JKP�QOA@�EJ�KQN�%JCHEOD�OLA=GEJC�PK@=U��(KSARAN��?KJOE@AN�PDA�BKHHKSEJC

?KJRANO=PEKJ�>APSAAJ�=�IKPDAN�=J@�DAN�?DEH@�

#DEH@�=OGO���,KIIU��I=U�`�CK�KQP�OE@A�=J@�LH=U��

,KPDAN�=JOSANO���`B�UKQN�NKKI�EO�?HA=J�PDAJ�UKQ�I=U�CK�KQPOE@A�=J@�LH=U�KN�AHOA�UKQ

I=U�CK�OEP�KJ�=�?D=EN�BKN�\RA�IEJQPAO�=O�LQJEODIAJP�BKN�=OGEJC�IA�PDA�MQAOPEKJ�SDAJ

UKQ�GJAS�UKQN�NKKI�S=O�@ENPU��

+AP�O�JKPA�PD=P�=HH�KB�PDA�AHAIAJPO�=NA�LNAOAJP�PK�@APANIEJA�PDA�=?PEKJ��KN�BKS	�PD=P�PDA

?DEH@�SEHH�>A�@KEJC��"A?=QOA�PDA�MQAOPEKJ��UKQN�NKKI�EO�?HA=J	�D=O�KJHU�PSK�LKOOE>HA

=JOSANO��PNQA�KN�B=HOA	�PDA�=?PEKJO�=NA@HGH4??L�8K6?HF<I8��%EPDAN�PDA�?DEH@��	�CKAO

KQPOE@A�=J@�LH=UO�KN��	�OEPO�KJ�=�?D=EN�BKN�\RA�IEJQPAO��.JA�KB�PDA�=?PEKJO�EO�ATA?QPA@�

JARAN�>KPD�KB�PDA�=?PEKJO�

���������(A8��;B<68��Q@C?<87�,JB�/4L�+8?86G<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

.BPAJ�PDA�LNKCN=IIAN�SEHH�S=JP�PK�@K�OKIAPDEJC�KJHU�EB�PDA�ATLNAOOEKJ�EO�PNQA��PD=P�EO

SEPD�JK�B=HOA�=?PEKJ��3DA�H=?G�KB�=�B=HOA�=?PEKJ�EO�=HOK�NABANNA@�PK�=O�=��JQHH�AHOA��=J@

SKQH@�>A�SNEPPAJ�=O�

if expression

action true

else

do nothing

"A?=QOA�PDA��AHOA�@K�JKPDEJC��EO�EILHEA@��EP�EO�QOQ=HHU�SNEPPAJ�EJ�ODKNP�BKNI�HEGA�

if expression

action true

�������,JB�/4L�+8?86G<BA�J<G;<A��		

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�OUJP=T�BKN�PDA�EB�PDAJ�AHOA�?KJPNKH�OPNQ?PQNA�SEPDEJ�PDA�#���LNKCN=IIEJC�H=JCQ=CA

EO�
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if (expression)

statement;

else

statement;

Note: The test expression is within the parentheses, but this is not a function

call. The parentheses are part of the control structu re. Additionally, there is no

semicolon after the parenthesis following the expression.

��������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������<9�G;8A�8?F8

!�PSK�S=U�OAHA?PEKJ�?KJPNKH�OPNQ?PQNA�

�8NA<G<BA�������@HGH4??L�8K6?HF<I8

`PAIO�PD=P�@K�JKP�KRANH=L��%T=ILHA��PNQA�=J@�B=HOA�

������BB?84A��4G4�,LC8

��������<F6HFF<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�BB?84A @=P=�PULA�EO�=HOK�GJKSJ�=O�PDA�HKCE?=H�@=P=�PULA�=J@�NALNAOAJPO�PDA

?KJ?ALPO�KB�PNQA�=J@�B=HOA��3DA�J=IA��"KKHA=J��?KIAO�BNKI�PDA�I=PDAI=PE?E=J

'AKNCA�"KKHA��SDK�EJ������LQ>HEODA@��!J�`JRAOPEC=PEKJ�KB�PDA�+=SO�KB�3DKQCDP�

"KKHA=J�=HCA>N=�EO�PDA�=NA=�KB�I=PDAI=PE?O�PD=P�@A=HO�SEPD�PDA�HKCE?=H�NALNAOAJP=PEKJ

KB�PNQA�=J@�B=HOA�QOEJC�PDA�JQI>ANO���=J@����3DA�EILKNP=J?A�KB�PDA�"KKHA=J�@=P=�PULA

SEPDEJ�LNKCN=IIEJC�EO�PD=P�EP�EO�QOA@�PK�?KJPNKH�LNKCN=IIEJC�OPNQ?PQNAO��EB�PDAJ�AHOA�

SDEHA�HKKLO��AP?�	�PD=P�=HHKS�QO�PK�EILHAIAJP��?DKE?A��EJPK�KQN�=HCKNEPDIO�

3DA�"KKHA=J�@=P=�PULA�D=O�PDA�O=IA�=PPNE>QPAO�=J@�=?PO�KN�>AD=RAO�OEIEH=NHU�EJ�=HH

LNKCN=IIEJC�H=JCQ=CAO��3DA�NQHAO�SEPDEJ�PDA�#���LNKCN=IIEJC�H=JCQ=CA�=NA�
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C++

Reserved

Word

bool

Represent Logical concepts of true and false

Size Usually 1 byte

Normal

Signage
Unsigned

Domain

(Values

Allowed)

0 meaning false, and 1 meaning true

C++

syntax

rule

true and false are reserved words that can be used as

values in expressions

C++

concept/

rule

Any value from any data type can be demoted into a

Boolean data type with zero representing false and all

non-zero values representing true.

Table 11.1 C++ Reserved Word and bool

,KOP�?KJPNKH�OPNQ?PQNAO�QOA�=G8FG�8KCE8FF<BAPD=P�ATA?QPAO�AEPDAN�OAHA?PEKJ��=O�EJ�PDA�

EB�PDAJ�AHOA	�KN�EPAN=PEKJ��=O�EJ�PDA�SDEHA��@K�SDEHA��KN�BKN�HKKLO	�>=OA@�KJ�PDA

PNQPDBQHJAOO�KN�B=HOAJAOO�KB�PDA�ATLNAOOEKJ��3DQO��SA�KBPAJ�P=HG�=>KQP�PDA�BB?84A

8KCE8FF<BAPD=P�EO�?KJPNKHHEJC�PDA�OPNQ?PQNA��6EPDEJ�I=JU�LNKCN=IIEJC�H=JCQ=CAO�

PDEO�ATLNAOOEKJ�IQOP�>A�=�"KKHA=J�ATLNAOOEKJ�=J@�EO�CKRANJA@�>U�=�PECDP�OAP�KB�NQHAO�

(KSARAN��EJ�#���ARANU�@=P=�PULA�?=J�>A�QOA@�=O�=�"KKHA=J�ATLNAOOEKJ�>A?=QOA�PDA

R=HQA�KB�=JU�@=P=�PULA�SEPDEJ�#���?=J�>A�@AIKPA@�EJPK�=�"KKHA=J�R=HQA�

6EPDEJ�IKOP�H=JCQ=CAO��ATLNAOOEKJO�PD=P�UEAH@�"KKHA=J�@=P=�PULA�R=HQAO�=NA�@ERE@A@

EJPK�PSK�CNKQLO��.JA�CNKQL�QOAO�PDA�NAH=PEKJ=H�KLAN=PKNO�SEPDEJ�PDAEN�ATLNAOOEKJO�=J@

PDA�KPDAN�CNKQL�QOAO�HKCE?=H�KLAN=PKNO�SEPDEJ�PDAEN�ATLNAOOEKJO�

6EPDEJ�PDA�#���LNKCN=IIEJC�H=JCQ=CA�PDA�"KKHA=J�@=P=�PULA�EO�KJA�KB�PDA�OP=J@=N@

KN�>=OE?�@=P=�PULAO�=J@�EO�=�IAI>AN�KB�PDA�EJPACAN�B=IEHU�

��������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA� � �����BB?84A
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!�@=P=�PULA�NALNAOAJPEJC�PDA�?KJ?ALPO�KB�PNQA�=J@�B=HOA�

�8NA<G<BA��� ����G8FG�8KCE8FF<BA

!J�ATLNAOOEKJ�QOA@�PK�?KJPNKH�LNKCN=IIEJC�OPNQ?PQNAO�

�����*8?4G<BA4?�(C8E4GBEF

�������(I8EI<8J�B9�G;8�*8?4G<BA4?�(C8E4GBEF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�NAH=PEKJ=H�KLAN=PKNO�=NA�KBPAJ�QOA@�PK�?NA=PA�=G8FG�8KCE8FF<BAPD=P�?KJPNKHO

LNKCN=I�BKS��3DEO�PULA�KB�ATLNAOOEKJ�EO�=HOK�GJKSJ�=O�=�BB?84A�8KCE8FF<BA>A?=QOA

PDAU�?NA=PA�=�"KKHA=J�=JOSAN�KN�R=HQA�SDAJ�AR=HQ=PA@��3DANA�=NA�OET�?KIIKJ

NAH=PEKJ=H�KLAN=PKNO�PD=P�CERA�=�"KKHA=J�R=HQA�>U�?KIL=NEJC��ODKSEJC�PDA�NAH=PEKJODEL	

>APSAAJ�PSK�KLAN=J@O��`B�PDA�KLAN=J@O�=NA�KB�@E_ANAJP�@=P=�PULAO��EILHE?EP�LNKIKPEKJ

K??QNO�PK�?KJRANP�PDA�KLAN=J@O�PK�PDA�O=IA�@=P=�PULA�

�8NA<G<BA�������E8?4G<BA4?�BC8E4GBE

!J�KLAN=PKN�PD=P�CERAO�=�"KKHA=J�R=HQA�>U�AR=HQ=PEJC�PDA�NAH=PEKJODEL�>APSAAJ�PSK

KLAN=J@O��.LAN=PKN�OUI>KHO�=J@�KN�J=IAO�R=NU�SEPD�@E_ANAJP�LNKCN=IIEJC

H=JCQ=CAO��3DA�#���LNKCN=IIEJC�H=JCQ=CA�KLAN=PKNO�SEPD�PDAEN�IA=JEJCO�=NA�

C++ Operator Meaning

< less than

> greater than

<= less than or equal to

>= greater than or equal to

== equality (equal to)

!= inequality (not equal to)

Table 11.2 Boolean expressions

 K8E6<F8�������

 I4?H4G8�G;8�9B??BJ<A:��BB?84A�8KCE8FF<BAF�

�� ������

�� �����

�� ������
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�� �������

�� �������

�� �������

�� ������

�� ������

3DA�=JOSANO�PK�"KKHA=J�ATLNAOOEKJO�SEPDEJ�PDA�#���LNKCN=IIEJC�H=JCQ=CA�=NA�=

R=HQA�KB�AEPDAN���BKN�PNQA�KN���BKN�B=HOA�

"A�?=NABQH��`J�I=PD�UKQ�=NA�B=IEHE=N�SEPD�QOEJC�PDEO�OUI>KH���PK�IA=J�AMQ=H�=J@����PK

IA=J�JKP�AMQ=H��`J�PDA�#���LNKCN=IIEJC�H=JCQ=CA�PDA����EO�JKP�QOA@�=J@�PDA�OUI>KH

IA=JO�=OOECJIAJP�

��������8@BAFGE4G<BA�)EB:E4@�<A��		

����������E84G<A:�4�!B?78E�BE�+H5�!B?78E�9BE�+BHE68��B78�!<?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$ALAJ@EJC�KJ�UKQN�?KILEHAN�`$%��UKQ�ODKQH@�@A?E@A�SDANA�PK�@KSJHK=@�=J@�OPKNA

OKQN?A�?K@A�\HAO�BKN�LNK?AOOEJC��/NQ@AJ?A�@E?P=PAO�PD=P�UKQ�?NA=PA�PDAOA�BKH@ANO�=O

JAA@A@�LNEKN�PK�@KSJHK=@EJC�OKQN?A�?K@A�\HAO��!�OQCCAOPA@�OQ>
BKH@AN�BKN�PDA

�?BB7F;87��8I��		���6B@C<?8E
Q� IECDP�>A�J=IA@�

[ $AIK�/NKCN=IO

`B�UKQ�D=RA�JKP�@KJA�OK��LHA=OA�?NA=PA�PDA�BKH@AN�O	�=J@�KN�OQ>
BKH@AN�O	�=O

=LLNKLNE=PA�

����������BJA?B47�G;8��8@B�)EB:E4@

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$KSJHK=@�=J@�OPKNA�PDA�BKHHKSEJC�\HA�O	�PK�UKQN�OPKN=CA�@ARE?A�EJ�PDA�=LLNKLNE=PA

BKH@AN�O	��&KHHKSEJC�PDA�IAPDK@O�KB�UKQN�?KILEHAN�`$%��?KILEHA�=J@�NQJ�PDA

LNKCN=I�O	��2PQ@U�PDA�OKQN?A�?K@A�\HA�O	�EJ�?KJFQJ?PEKJ�SEPD�KPDAN�HA=NJEJC�I=PANE=HO�

� Demo_Relational_Operators(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5
614/media/Demo_Relational_Operators.cpp)

������B@CBHA7�+G4G8@8AG

�������,;8�'887�9BE�4��B@CBHA7�+G4G8@8AG

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

&KN�EHHQOPN=PEKJ�SA�SEHH�QOA�PDA�OUJP=T�BKN�PDA<9�G;8A�8?F8?KJPNKH�OPNQ?PQNA�SEPDEJ�PDA

#���LNKCN=IIEJC�H=JCQ=CA��(KSARAN�PDEO�LNK>HAI�CAJAN=HHU�ATEOPO�BKN�=HH�?KJPNKH
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OPNQ?PQNAO�SEPDEJ�=JU�H=JCQ=CA�PD=P�NAMQENAO�PDA�QOA�KB�?KILKQJ@�OP=PAIAJPO��3DA

OUJP=T�EO�

if (expression)

statement;

else

statement;

6EPDEJ�PDA�#���LNKCN=IIEJC�H=JCQ=CA�PDANA�?=J�>ABA?L�BA8�FG4G8@8AG�?<FG87�4F

G;8�46G<BA�C4EG�B9�4�6BAGEB?�FGEH6GHE8�.BPAJ��SA�SEHH�S=JP�PK�@K�IKNA�PD=J�KJA

OP=PAIAJP��3DEO�LNK>HAI�EO�KRAN?KIA�>U�?NA=PEJC�=6B@CBHA7�FG4G8@8AG��3DA�>N=?A

OUI>KHO�PDA�KLAJEJC�W�=J@�PDA�?HKOEJC�Y�
=NA�QOA@�PK�?NA=PA�=�?KILKQJ@�OP=PAIAJP�

&KN�AT=ILHA�

if(expression)

{

statement;

statement;

}

else

{

statement;

statement;

}

"A?=QOA�LNKCN=IIANO�KBPAJ�BKNCAP�PD=P�PDAU�?=J�D=RABA?L�BA8�FG4G8@8AG�?<FG87=O

G;8�46G<BA�C4EG�B9�4�6BAGEB?�FGEH6GHE8��PDA�#���LNKCN=IIEJC�EJ@QOPNU�AJ?KQN=CAO

PDA�QOA�KB�EJ@AJP=PEKJ��PK�OAA�PDA�=?PEKJ�L=NPO�?HA=NHU	�=J@�PDA�QOA�KB�?KILKQJ@

OP=PAIAJPO��5E468F	��ARAJ�EB�PDANA�EO�KJHU�KJA�=?PEKJ��3DQO�

if(expression)

{

statement;

}

else

{

statement;

}

"U�SNEPEJC�?K@A�EJ�PDEO�I=JJAN��EB�PDA�LNKCN=IIAN�IK@EBAO�PDA�?K@A�>U�=@@EJC�IKNA

OP=PAIAJPO�PK�AEPDAN�PDA�=?PEKJ�PNQA�KN�PDA�=?PEKJ�B=HOA��PDAU�SEHH�JKP�EJPNK@Q?A�AEPDAN

?KILEHAN�KN�HKCE?�ANNKNO��4OEJC�EJ@AJP=PEKJ�=J@�>N=?AO�ODKQH@�>A?KIA�OP=J@=N@

LN=?PE?A�BKN�#���LNKCN=IIANO�=J@�LNKCN=IIANO�EJ�=JU�KPDAN�H=JCQ=CA�PD=P�NAMQENA

PDA�QOA�KB�?KILKQJ@�OP=PAIAJPO�SEPD�PDA�?KJPNKH�OPNQ?PQNAO�
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�������(G;8E�-F8F�B9�4��B@CBHA7�+G4G8@8AG

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�!�?KILKQJ@�OP=PAIAJP�EO�=�QJEP�KB�?K@A�?KJOEOPEJC�KB�VANK�KN�IKNA�OP=PAIAJPO��`P�EO

=HOK�GJKSJ�=O�=5?B6>��3DA�?KILKQJ@�OP=PAIAJP�=HHKSO�=�CNKQL�KB�OP=PAIAJPO�PK

>A?KIA�KJA�OEJCHA�AJPNU��8KQ�QOA@�=�?KILKQJ@�OP=PAIAJP�EJ�UKQN�\NOP�LNKCN=I�SDAJ

UKQ�BKNIA@�PDA�>K@U�KB�PDA�BQJ?PEKJ�I=EJ��!HH�#���BQJ?PEKJO�?KJP=EJ�=�?KILKQJ@

OP=PAIAJP�GJKSJ�=O�PDA�BQJ?PEKJ�>K@U�

!�?KILKQJ@�OP=PAIAJP�?KJOEOPO�KB�=J�KLAJEJC�>N=?A��KLPEKJ=H�@A?H=N=PEKJO�

@A\JEPEKJO��=J@�OP=PAIAJPO��BKHHKSA@�>U�=�?HKOEJC�>N=?A��!HPDKQCD�=HH�PDNAA�=NA

KLPEKJ=H��KJA�ODKQH@�>A�LNAOAJP�

��������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������6B@CBHA7�FG4G8@8AG

!�QJEP�KB�?K@A�?KJOEOPEJC�KB�VANK�KN�IKNA�OP=PAIAJPO�

�8NA<G<BA�������5?B6>

!JKPDAN�J=IA�BKN�=�?KILKQJ@�OP=PAIAJP�

�����)E46G<68�����,JB�/4L�+8?86G<BA

�������%84EA<A:�(5=86G<I8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6EPD������=??QN=?U�@QNEJC�=��IAIKNU�>QEH@EJC�=?PEREPU��ATAN?EOAO��H=>�=OOECJIAJP�

LNK>HAIO��KN�PEIA@�MQEV�AT=I��PDA�OPQ@AJP�EO�ATLA?PA@�PK�

�� $A\JA�PDA�PANIO�KJ�PDA�@A\JEPEKJO�=O�HEOPA@�EJ�PDA�IK@QHAO�=OOK?E=PA@�SEPD�PDEO

?D=LPAN�

�� 'ERAJ�LOAQ@K?K@A��SNEPA�PDA�#���?K@A�BKN�=�LNKCN=I�PD=P�QOAO�PDA�EB�PDAJ�AHOA

?KJPNKH�OPNQ?PQNA�

�������&8@BEL��H<?7<A:��6G<I<G<8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

,"!���

����

2AA�PDA�\HA�=P��DPPL���?JT�KNC�?KJPAJP�I������H=PAOP�EJ@AT�DPIH�
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����

������� K8E6<F8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

 K8E6<F8�� ����

 I4?H4G8�G;8�9B??BJ<A:��BB?84A�8KCE8FF<BAF�

�� ������

�� �����

�� ������

�� �������

�� �������

�� �������

�� ������

�� ������

�������&<F68??4A8BHF�QG8@F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�A<@4G87�:<9�F;BJ<A:�<9�G;8A�8?F8

#HE?G�PDEO�HEJG�PK�S=P?D�PDA�RE@AK�

DPPL���SSS�KLAJPATP>KKGO�KNC�DG�OUOPAI�BEHAO�NAOKQN?A�������������IA@E=�RE@AK�I

L�

� Manipulation_Data_Part_2(http://www.opentextbooks.org.hk/system/files/resource/5/5267/562
3/media/Manipulation_Data_Part_2.pdf)

�������%45��FF<:A@8AG

����������E84G<A:�4�!B?78E�BE�+H5�!B?78E�9BE��;4CG8E����!<?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$ALAJ@EJC�KJ�UKQN�?KILEHAN�`$%��UKQ�ODKQH@�@A?E@A�SDANA�PK�@KSJHK=@�=J@�OPKNA

OKQN?A�?K@A�\HAO�BKN�LNK?AOOEJC��/NQ@AJ?A�@E?P=PAO�PD=P�UKQ�?NA=PA�PDAOA�BKH@ANO�=O

JAA@A@�LNEKN�PK�@KSJHK=@EJC�OKQN?A�?K@A�\HAO��!�OQCCAOPA@�OQ>
BKH@AN�BKN�PDA

�?BB7F;87��8I��		���6B@C<?8E
Q� IECDP�>A�J=IA@�

[ #D=LPAN����SEPDEJ�PDA�BKH@AN�J=IA@��#LL�2KQN?A�#K@A�&EHAO

`B�UKQ�D=RA�JKP�@KJA�OK��LHA=OA�?NA=PA�PDA�BKH@AN�O	�=J@�KN�OQ>
BKH@AN�O	�=O

=LLNKLNE=PA�
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����������BJA?B47�G;8�%45�!<?8�F�

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$KSJHK=@�=J@�OPKNA�PDA�BKHHKSEJC�\HA�O	�PK�UKQN�OPKN=CA�@ARE?A�EJ�PDA�=LLNKLNE=PA

BKH@AN�O	�

� Lab_11_Pseudocode(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5626/med
ia/Lab_11_Pseudocode.txt)

����������8G4<?87�%45�QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

1A=@�=J@�BKHHKS�PDA�@ENA?PEKJO�>AHKS�?=NABQHHU��=J@�LANBKNI�PDA�OPALO�EJ�PDA�KN@AN

HEOPA@�

[ #NA=PA�=�OKQN?A�?K@A�\HA�BNKI�PDA�+=><��</OAQ@K?K@A�PTP�\HA��-=IA�EP�

+=><���?LL

[ "QEH@��?KILEHA�=J@�NQJ	�UKQN�LNKCN=I�

[ !BPAN�UKQ�D=RA�OQ??AOOBQHHU�SNEPPAJ�PDEO�LNKCN=I��EB�UKQ�=NA�P=GEJC�PDEO�?KQNOA�BKN

?KHHACA�?NA@EP��BKHHKS�PDA�EJOPNQ?PEKJO�BNKI�UKQN�LNKBAOOKN�EJOPNQ?PKN�BKN

OQ>IEPPEJC�EP�BKN�CN=@EJC�

�������)EB5?8@F

���������)EB5?8@���4���QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

#NA=PA�=�P=>HA�SEPD�PDA�OET�NAH=PEKJ=H�KLAN=PKNO�=J@�PDAEN�IA=JEJCO�

���������)EB5?8@���5��QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

%TLH=EJ�SDU�SA�=NA�QOEJC�PDA��EB�PDAJ�AHOA��PK�I=JELQH=PA�PDA�EJLQP�@=P=�EJ�PDA

AT=ILHA�>AHKS�

%T=ILHA�������#���OKQN?A�?K@A

cout << "nnEnter one side of the rectangle --------->: " ;

cin >> side1;

cout << "nnEnter the other side of the rectangle --->: " ;

cin >> side2;

if (side1 > side2)

151

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://www.opentextbooks.org.hk/system/files/resource/5/5267/5626/media/Lab_11_Pseudocode.txt
http://www.opentextbooks.org.hk/system/files/resource/5/5267/5626/media/Lab_11_Pseudocode.txt
http://www.opentextbooks.org.hk/system/files/resource/5/5267/5626/media/Lab_11_Pseudocode.txt
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


{

length = side1;

width = side2;

}

else

{

length = side2;

width = side1;

}

�������+B?HG<BAF�GB� K8E6<F8F�<A��;4CG8E���

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+B?HG<BA�GB� K8E6<F8�������

�AFJ8EF�

�� �

�� �

�� �

�� �

�� �

�� �

�� �

�� %NNKN��PDA��JKP�HAOO�PD=J��EO�JKP�=�R=HE@�KLAN=PKN�

+B?HG<BAF�GB�)E46G<68�����,JB�/4L�+8?86G<BA

+B?HG<BA�GB� K8E6<F8�������

�AFJ8EF�

�� �

�� �

�� �

�� �

�� �

�� �

�� �

�� %NNKN��PDA��JKP�CNA=PAN�PD=J��EO�JKP�=�R=HE@�KLAN=PKN�
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�;4CG8E����&H?G<J4L�+8?86G<BA

�����'8FG87�Q9�,;8A� ?F8

�������QAGEB7H6G<BA�GB�&H?<GJ4L�+8?86G<BA

���������'8FG87��BAGEB?�+GEH6GHE8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6A�=NA�CKEJC�PK�\NOP�EJPNK@Q?A�PDA�?KJ?ALP�KB�JAOPA@�?KJPNKH�OPNQ?PQNAO��-AOPEJC�EO�=

?KJ?ALP�PD=P�LH=?AO�KJA�EPAI�EJOE@A�KB�=JKPDAN��#KJOE@AN�

if expression

true action

else

false action

3DEO�EO�PDA�>=OE?�BKNI�KB�PDA�EB�PDAJ�AHOA�?KJPNKH�OPNQ?PQNA��-KS�?KJOE@AN�

if age is less than l8

you can't vote

if age is less than l6

you can't drive

else

you can drive else

you can vote

if age is less than 2l

you can't drink

else

you can drink

!O�UKQ�?=J�OAA�SA�OEILHU�EJ?HQ@A@�=O�L=NP�KB�PDA��PNQA�=?PEKJ��=�OP=PAIAJP�=J@

=JKPDAN�EB�PDAJ�AHOA�?KJPNKH�OPNQ?PQNA��6A�@E@�PDA�O=IA��JAOPA@�=JKPDAN�EB�PDAJ�AHOA	

BKN�PDA��B=HOA�=?PEKJ���`J�KQN�AT=ILHA�SA�JAOPA@�EB�PDAJ�AHOA�?KJPNKH�OPNQ?PQNAO��-AOPEJC

?KQH@�D=RA�=J�EB�PDAJ�AHOA�SEPDEJ�=�SDEHA�HKKL��3DQO��PDA�?KJ?ALP�KB�JAOPEJC�=HHKSO�PDA

IETEJC�KB�PDA�@E_ANAJP�?=PACKNEAO�KB�?KJPNKH�OPNQ?PQNAO�
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���������&H?G<J4L�+8?86G<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

.JA�KB�PDA�@N=S>=?GO�KB�PSK�S=U�OAHA?PEKJ�EO�PD=P�SA�?=J�KJHU�?KJOE@AN�PSK�?DKE?AO�

"QP�SD=P�@K�UKQ�@K�EB�UKQ�D=RA�IKNA�PD=J�PSK�?DKE?AO��#KJOE@AN�PDA�BKHHKSEJC�SDE?D

D=O�BKQN�?DKE?AO�

if age equal to 18

you can now vote

else

if age equal to 39

you are middle aged

else

if age equal to 65

you can consider retirement

else

your age is unimportant

8KQ�CAP�=J�=LLNKLNE=PA�IAOO=CA�@ALAJ@EJC�KJ�PDA�R=HQA�KB�=CA��3DA�H=OP�EPAI�EO

NABANNA@�PK�=O�PDA�@AB=QHP��`B�PDA�=CA�EO�JKP�AMQ=H�PK��������KN����UKQ�CAP�PDA�@AB=QHP

IAOO=CA��`J�OKIA�OEPQ=PEKJO�PDANA�EO�JK�@AB=QHP�=?PEKJ��#KJOE@AN�

if age equal to 18

you can now vote

else

if age equal to 39

you are middle aged

else

if age equal to 65

you can consider retirement

3DA�H=OP�EB�PDAJ�AHOA�?KJPNKH�OPNQ?PQNA�D=O�JK��AHOA���`P�O�EILHEA@��AHOA�@K�JKPDEJC��

6EPDKQP�PDA�@AB=QHP�PDA�IQHPES=U�OAHA?PEKJ�?KQH@�>A�SNEPPAJ�=O�=�OANEAO�KB��EB�PDAJ

SEPDKQP�PDA�AHOA��OPNQ?PQNAO��#KJOE@AN�

if age equal to l8

you can now vote

if age equal to 39

you are middle aged

if age equal to 65

you can consider retirement
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6A�D=RA�ODKSJ�PSK�S=UO�PK�=??KILHEOD�IQHPES=U�OAHA?PEKJ��3DA�?DKE?A�KB�QOEJC

JAOPA@�EB�PDAJ�AHOA�?KJPNKH�OPNQ?PQNAO�KN�=�OANEAO�KB�EB�PDAJ�?KJPNKH�OPNQ?PQNAO�EO�@A?E@A@

KJ�PDA�ATEOPAJ?A�KB�=�@AB=QHP�=?PEKJ��UKQ�IQOP�QOA�JAOPA@�EB�PDAJ�AHOA	�KN�LNKCN=IIAN

LNABANAJ?A�EB�PDANA�EO�JKP�=�@AB=QHP�=?PEKJ��UKQ�I=U�QOA�JAOPA@�EB�PDAJ�AHOA�KN�=�OANEAO

KB�EB�PDAJ�?KJPNKH�OPNQ?PQNAO	�

�������<9�G;8A�8?F8�+LAG4K�J<G;<A��		

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�OUJP=T�BKN�PDA�EB�PDAJ�AHOA�?KJPNKH�OPNQ?PQNA�SEPDEJ�PDA�#���LNKCN=IIEJC�H=JCQ=CA

EO�

 K4@C?8��������		�FBHE68�6B78��%4LBHG�B9�4A�<9�G;8A�8?F8

if (expression)

{

statement;

}

else

{

statement;

}

Note: The test expression is within the parentheses, but this is not a function

call. The parentheses are part of the control structu re. Additionally, there is no

semicolon after the parenthesis following the expression.

��������		� K4@C?8

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

,QHPES=U�OAHA?PEKJ�EO�KBPAJ�JAA@A@�PK�?KRAN�=HH�LKOOE>EHEPEAO��!OOQIA�PD=P�PDA�QOAN�D=O

>AAJ�LNKILPA@�BKN�PDA�=CAO�KB�PSK�LAKLHA�SEPD�PDA�=JOSANO�OPKNA@�EJ�R=NE=>HAO

J=IA@�=CA��=J@�=CA���#KJOE@AN�

 K4@C?8��������		�FBHE68�6B78

if(age1  > age2)

{

cout  << "nnnnThe first person is older.";

}

else
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{

cout  << "nnnnThe second person is older.";

}

6D=P�EB�PDA�PSK�LANOKJO�=NA�PDA�O=IA�=CA��3DA�LNKCN=I�EJ?KNNA?PHU�O=UO�PDA�OA?KJ@

LANOKJ�EO�KH@AN��3K�OKHRA�PDEO�SA�IQOP�D=J@HA�=HH�PDNAA�LKOOE>EHEPEAO��#KJOE@AN�PDEO

IQHEPS=U�OAHA?PEKJ�AT=ILHA�

 K4@C?8��������		�FBHE68�6B78

if(age1 == age2)

{

cout  << "nnnnThey are the same age.";

}

else

{

if(age1  > age2)

{

cout  << "nnnnThe first person is older.";

}

else

{

cout  << "nnnnThe second person is older.";

}

}

��������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������A8FG87�6BAGEB?�FGEH6GHE8F

/H=?EJC�KJA�?KJPNKH�OPNQ?PQNA�EJOE@A�KB�=JKPDAN�

�8NA<G<BA�������@H?G<J4L�F8?86G<BA

4OEJC�?KJPNKH�OPNQ?PQNAO�PK�>A�=>HA�PK�OAHA?P�BNKI�IKNA�PD=J�PSK�?DKE?AO�
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�����%B:<64?�(C8E4GBEF

�������(I8EI<8J�B9�G;8�%B:<64?�(C8E4GBEF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6EPDEJ�IKOP�H=JCQ=CAO��ATLNAOOEKJO�PD=P�UEAH@�"KKHA=J�@=P=�PULA�R=HQAO�=NA�@ERE@A@

EJPK�PSK�CNKQLO��.JA�CNKQL�QOAO�PDA�NAH=PEKJ=H�KLAN=PKNO�SEPDEJ�PDAEN�ATLNAOOEKJO�=J@

PDA�KPDAN�CNKQL�QOAO�HKCE?=H�KLAN=PKNO�SEPDEJ�PDAEN�ATLNAOOEKJO�

3DA�HKCE?=H�KLAN=PKNO�=NA�KBPAJ�QOA@�PK�DAHL�?NA=PA�=G8FG�8KCE8FF<BAPD=P�?KJPNKHO

LNKCN=I�BKS��3DEO�PULA�KB�ATLNAOOEKJ�EO�=HOK�GJKSJ�=O�=�BB?84A�8KCE8FF<BA>A?=QOA

PDAU�?NA=PA�=�"KKHA=J�=JOSAN�KN�R=HQA�SDAJ�AR=HQ=PA@��3DA�=JOSANO�PK�"KKHA=J

ATLNAOOEKJO�SEPDEJ�PDA�#���LNKCN=IIEJC�H=JCQ=CA�=NA�=�R=HQA�KB�AEPDAN���BKN�PNQA�KN��

BKN�B=HOA��3DANA�=NA�PDNAA�?KIIKJ�HKCE?=H�KLAN=PKNO�PD=P�CERA�=�"KKHA=J�R=HQA�>U

I=JELQH=PEJC�KPDAN�"KKHA=J�KLAN=J@�O	��.LAN=PKN�OUI>KHO�=J@�KN�J=IAO�R=NU�SEPD

@E_ANAJP�LNKCN=IIEJC�H=JCQ=CAO��3DA�#���LNKCN=IIEJC�H=JCQ=CA�KLAN=PKNO�SEPD

PDAEN�IA=JEJCO�=NA�

C++

Operator
Meaning Comment Typing

&&
Logical

and
two ampersands

II
Logical

or

two vertical dashes or piping

symbols

!
Logical

not
unary the exclamation point

Table 12.1 The C++ programming language operators with their meanings

Note: The vertical dashes or piping symbol is found on the same key as the

backslash \. You use the SHIFT key to get it. It is just above the Enter key on

most keyboards. It may be a solid vertical line on some keyboards and show as

a solid vertical line on some print fonts.

`J�IKOP�H=JCQ=CAO�PDANA�=NA�OPNE?P�NQHAO�BKN�BKNIEJC�LNKLAN�HKCE?=H�ATLNAOOEKJO��!J

AT=ILHA�EO�

6 > 4&& 2 <= l4
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3DEO�ATLNAOOEKJ�D=O�PSK�NAH=PEKJ=H�KLAN=PKNO�=J@�KJA�HKCE?=H�KLAN=PKN��4OEJC�PDA

LNA?A@AJ?A�KB�KLAN=PKN�NQHAO�PDA�PSK��NAH=PEKJ=H�?KIL=NEOKJ��KLAN=PKNO�SEHH�>A�@KJA

>ABKNA�PDA��HKCE?=H�=J@��KLAN=PKN��3DQO�

l  && l

or

true && true

3DA�BJ=H�AR=HQ=PEKJ�KB�PDA�ATLNAOOEKJ�EO����IA=JEJC�PNQA�

6A�?=J�O=U�PDEO�EJ�%JCHEOD�=O��`P�EO�PNQA�PD=P�OET�EO�CNA=PAN�PD=J�BKQN�=J@�PD=P�PSK�EO�HAOO

PD=J�KN�AMQ=H�PK�BKQNPAAJ�

6DAJ�BKNIEJC�HKCE?=H�ATLNAOOEKJO�LNKCN=IIANO�KBPAJ�QOA�L=NAJPDAOAO��ARAJ�SDAJ

JKP�PA?DJE?=HHU�JAA@A@	�PK�I=GA�PDA�HKCE?�KB�PDA�ATLNAOOEKJ�RANU�?HA=N��#KJOE@AN�PDA

=>KRA�?KILHAT�"KKHA=J�ATLNAOOEKJ�NASNEPPAJ�

(6  >  4)&& (2 <= l4)

�������,EHG;�,45?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

!�?KIIKJ�S=U�PK�ODKS�HKCE?=H�NAH=PEKJODELO�EO�EJ�PNQPD�P=>HAO�

x y x && y

false false false

false true false

true false false

true true true

Table 12.2 Logical and (&&)

158

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


x y x || y

false false false

false true true

true false true

true true true

Table 12.3 Logical or (||)

x !x

false true

true false

Table 12.4 Logical not (!)

������� K4@C?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

`�?=HH�PDEO�AT=ILHA�KB�SDU�`�D=PA��=J@��=J@�HKRA��KN��

%RANU@=U�=O�`�?=IA�DKIA�BNKI�O?DKKH�KJ�,KJ@=U�PDNKQCD�3DQNO@=U��`�SKQH@�=OG�IU

IKPDAN���,=U�`�CK�KQPOE@A�=J@�LH=U���2DA�SKQH@�=JOSAN���`B�UKQN�NKKI�EO�?HA=J�=J@

UKQN�DKIASKNG�EO�@KJA�PDAJ�UKQ�I=U�CK�KQPOE@A�=J@�LH=U���`�HA=NJA@�PK�D=PA�PDA�SKN@

�=J@���`�?KQH@�I=J=CA�PK�CAP�KJA�KB�PDA�P=OGO�@KJA�=J@�D=RA�OKIA�PEIA�PK�LH=U�>ABKNA

@EJJAN��>QP�>KPD�KB�PDAI����SAHH��`�D=PA@��=J@��

.J�&NE@=U�IU�IKPDAN�PKKG�=�IKNA�NAH=TA@�REAS�LKEJP�=J@�SDAJ�=OGA@�EB�`�?KQH@�CK

KQPOE@A�=J@�LH=U�ODA�NAOLKJ@A@���`B�UKQN�NKKI�EO�?HA=J�KN�UKQN�DKIASKNG�EO�@KJA

PDAJ�UKQ�I=U�CK�KQPOE@A�=J@�LH=U���`�HA=NJA@�PK�?HA=J�IU�NKKI�MQE?GHU�KJ�&NE@=U

=BPANJKKJ��6AHH�JAA@HAOO�PK�O=U��`�HKRA@��KN��

&KN�PDA�JATP�AT=ILHA��FQOP�EI=CEJA�=�PAAJ=CAN�P=HGEJC�PK�PDAEN�IKPDAN��$QNEJC�PDA

?KJRANO=PEKJ�IKI�O=UO���!BPAN�=HH��UKQN�$=@�EO�NA=OKJ=>HA���3DA�PAAJ=CAN�O=UO�

�1A=OKJ=>HA���ODKNP�L=QOA	�-KP��

,=U>A�?KHHACA�LNKBAOOKNO�SEHH�PDEJG�PD=P�=HH�PDAEN�OPQ@AJPO�OPQ@EA@�BKN�PDA�AT=I��(=�D=�

-KP��6AHH��`�DKLA�UKQ�CAP�PDA�LKEJP�

 K8E6<F8�������

 I4?H4G8�G;8�9B??BJ<A:�%B:<64?��BB?84A�8KCE8FF<BAF�
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�� �������``��������

�� ��������``������

�� ���������������

�� ����������������

�� ��B=HOA

�� ���������	

�� �����������

�� ��������

��������8@BAFGE4G<BA�)EB:E4@�<A��		

����������E84G<A:�4�!B?78E�BE�+H5�!B?78E�9BE�+BHE68��B78�!<?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$ALAJ@EJC�KJ�UKQN�?KILEHAN�`$%��UKQ�ODKQH@�@A?E@A�SDANA�PK�@KSJHK=@�=J@�OPKNA

OKQN?A�?K@A�\HAO�BKN�LNK?AOOEJC��/NQ@AJ?A�@E?P=PAO�PD=P�UKQ�?NA=PA�PDAOA�BKH@ANO�=O

JAA@A@�LNEKN�PK�@KSJHK=@EJC�OKQN?A�?K@A�\HAO��!�OQCCAOPA@�OQ>
BKH@AN�BKN�PDA

�?BB7F;87��8I��		���6B@C<?8E
Q� IECDP�>A�J=IA@�

[ $AIK�/NKCN=IO

`B�UKQ�D=RA�JKP�@KJA�OK��LHA=OA�?NA=PA�PDA�BKH@AN�O	�=J@�KN�OQ>
BKH@AN�O	�=O

=LLNKLNE=PA�

����������BJA?B47�G;8��8@B�)EB:E4@

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$KSJHK=@�=J@�OPKNA�PDA�BKHHKSEJC�\HA�O	�PK�UKQN�OPKN=CA�@ARE?A�EJ�PDA�=LLNKLNE=PA

BKH@AN�O	��&KHHKSEJC�PDA�IAPDK@O�KB�UKQN�?KILEHAN�`$%��?KILEHA�=J@�NQJ�PDA

LNKCN=I�O	��2PQ@U�PDA�OKQN?A�?K@A�\HA�O	�EJ�?KJFQJ?PEKJ�SEPD�KPDAN�HA=NJEJC�I=PANE=HO�

� Demo_Logical_Operators(http://www.opentextbooks.org.hk/system/files/resource/5/5267/564
6/media/Demo_Logical_Operators.cpp)

��������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������?B:<64?�BC8E4GBE

!J�KLAN=PKN�QOA@�PK�?NA=PA�?KILHAT�"KKHA=J�ATLNAOOEKJO�

�8NA<G<BA�������GEHG;�G45?8F

!�?KIIKJ�S=U�PK�ODKS�HKCE?=H�NAH=PEKJODELO�
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������4F8��BAGEB?�+GEH6GHE8

�������,E47<G<BA4?��4F8��BAGEB?�+GEH6GHE8

���������&H?G<J4L�+8?86G<BA�HF<A:�G;8��4F8�+GEH6GHE8

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

.JA�KB�PDA�@N=S>=?GO�KB�PSK�S=U�OAHA?PEKJ�EO�PD=P�SA�?=J�KJHU�?KJOE@AN�PSK�?DKE?AO�

"QP�SD=P�@K�UKQ�@K�EB�UKQ�D=RA�IKNA�PD=J�PSK�?DKE?AO��#KJOE@AN�PDA�BKHHKSEJC�SDE?D

D=O�BKQN�?DKE?AO�

EB�=CA�AMQ=H�PK�H��UKQ�?=J�RKPA�AHOA�EB�=CA�AMQ=H�PK����UKQ�NA�IE@@HA�=CA@�AHOA�EB�=CA

AMQ=H�PK����?KJOE@AN�NAPENAIAJP�AHOA�=CA�EO�QJ
EILKNP=JP

8KQ�CAP�=J�=LLNKLNE=PA�IAOO=CA�@ALAJ@EJC�KJ�PDA�R=HQA�KB�=CA��3DA�H=OP�EPAI�EO

NABANNA@�PK�=O�PDA�@AB=QHP��`B�PDA�=CA�EO�JKP�AMQ=H�PK��������KN����UKQ�CAP�PDA�@AB=QHP

IAOO=CA��`J�OKIA�OEPQ=PEKJO�PDANA�EO�JK�@AB=QHP�=?PEKJ��#KJOE@AN�PDEO�]KS?D=NP

AT=ILHA�

!<:HE8����� !?BJ6;4EG�8K4@C?8

3DEO�]KS?D=NP�EO�KB�PDA�?=OA�?KJPNKH�OPNQ?PQNA�=J@�EO�QOA@�BKN�IQHPES=U�OAHA?PEKJ��3DA

@A?EOEKJ�>KT�DKH@O�PDA�R=NE=>HA�=CA��3DA�HKCE?�KB�PDA�?=OA�EO�KJA�KB�AMQ=HEPU�SDANA�EJ

PDA�R=HQA�EJ�PDA�R=NE=>HA�=CA�EO�?KIL=NA@�PK�PDA�HEOPA@�R=HQAO�EJ�KN@AN�BNKI�HABP�PK

NECDP��3DQO��PDA�R=HQA�OPKNA@�EJ�=CA�EO�?KIL=NA@�PK����KN�EO��=CA�AMQ=H�PK������`B�EP�EO

PNQA��PDA�HKCE?�BKSO�@KSJ�PDNKQCD�PDA�=?PEKJ�=J@�@NKLO�KQP�=P�PDA�>KPPKI�KB�PDA�?=OA

OPNQ?PQNA��`B�PDA�R=HQA�KB�PDA�PAOP�ATLNAOOEKJ�EO�B=HOA��EP�IKRAO�PK�PDA�JATP�HEOPA@�R=HQA�PK
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PDA�NECDP�=J@�I=GAO�=JKPDAN�?KIL=NEOKJ��`P�SKNGO�AT=?PHU�PDA�O=IA�=O�KQN�JAOPA@�EB

PDAJ�AHOA�OPNQ?PQNA�

����������		��B78�GB��66B@C?<F;�&H?G<J4L�+8?86G<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

4OEJC�PDA�O=IA�AT=ILHA�=O�=>KRA��DANA�EO�PDA�#���?K@A�PK�=??KILHEOD�PDA�?=OA�?KJPNKH

OPNQ?PQNA�

 K4@C?8��������		�FBHE68�6B78��64F8�FGEH6GHE8�J<G;�<AG8:8EF

switch (age)

{

case 18: cout _ "nnYou can vote.";

break;

case 39: cout _ "nnYou're middle aged.";

break;

case 65: cout _ "nnConsider retirement.";

break;

default: cout _ "nnAge is un-important.";

}

3DA�\NOP�PDEJC�UKQ�ODKQH@�JKPA�EO�PD=P�PDA�#���LNKCN=IIEJC�H=JCQ=CA�@KAO�JKP

BKNI=HHU�D=RA�=�?=OA�?KJPNKH�OPNQ?PQNA��`P�@KAO�D=RA�=�OSEP?D�?KJPNKH�OPNQ?PQNA�>QP�EP

=?PO�@E_ANAJPHU�PD=J�PDA�PN=@EPEKJ=H�?=OA�?KJPNKH�OPNQ?PQNA��6A�QOA�=�>NA=G��SDE?D�EO�=

>N=J?DEJC�?KJPNKH�OPNQ?PQNA	�SEPD�PDA�OSEP?D�PK�I=GA�EP�=?P�HEGA�PDA�PN=@EPEKJ=H�?=OA

OPNQ?PQNA��3DEO�EO�KJA�KB�PDA�BAS�=HHKS=>HA�S=UO�PK�QOA�PDA�OSEP?D�SEPD�>NA=G�SEPDEJ�PDA

#���LNKCN=IIEJC�H=JCQ=CA�PK�OEIQH=PA�PDA�PN=@EPEKJ=H�?=OA�OPNQ?PQNA��!HH�KPDAN�QOAO�KB

PDA�OSEP?D�KN�>NA=G�=NA�PK�>A�=RKE@A@�EB�UKQ�=NA�PK�OP=U�SEPDEJ�PDA�>KQJ@O�KB�CKK@

OPNQ?PQNA@�LNKCN=IIEJC�PA?DJEMQAO�

3DA�R=HQA�EJ�PDA�R=NE=>HA�=CA�EO�?KIL=NA@�PK�PDA�\NOP��?=OA���JKPA��?=OA�EO�KJA�KB�PDA

#���NAOANRA@�SKN@O	�SDE?D�EO�PDA�R=HQA�����=HOK�?=HHA@�PDA�HEOPA@�R=HQA	�QOEJC�=J

AMQ=HEPU�?KIL=NEOKJ�KN�EO��=CA�AMQ=H�PK������`B�EP�EO�PNQA��PDAcout EO�ATA?QPA@�SDE?D

@EOLH=UO��8KQ�?=J�RKPA���=J@�PDA�JATP�HEJA�KB�?K@A��PDA�>NA=G	�EO�@KJA��SDE?D�FQILO�QO

PK�PDA�AJ@�KB�PDA�?KJPNKH�OPNQ?PQNA	��`B�EP�EO�B=HOA��EP�IKRAO�KJ�PK�PDA�JATP�?=OA�BKN

?KIL=NEOKJ�

,KOP�LNKCN=IIEJC�H=JCQ=CAO��EJ?HQ@EJC�#����NAMQENA�PDA�HEOPA@�R=HQAO�BKN�PDA�?=OA

?KJPNKH�OPNQ?PQNA�>A�KB�PDA�EJPACAN�B=IEHU�KB�@=P=�PULAO��3DEO�>=OE?=HHU�IA=JO�AEPDAN�=J

EJPACAN�KN�?D=N=?PAN�@=P=�PULA��#KJOE@AN�PDEO�AT=ILHA�PD=P�QOAO�?D=N=?PAN�@=P=�PULA

�?DKE?A�EO�=�?D=N=?PAN�R=NE=>HA	�

 K4@C?8��������		�FBHE68�6B78��64F8�FGEH6GHE8�J<G;�6;4E46G8EF

switch (choice)
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{

case 'A': cout _ "nnYou are an A student.";

break;

case 'B': cout _ "nnYou are a B student.";

break;

case 'C': cout _ "nnYou are a C student.";

break;

default: cout _ "nnMaybe you should study harder.";

}

�������%<@<G4G<BAF�B9�G;8��4F8��BAGEB?�+GEH6GHE8

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

,KOP�LNKCN=IIEJC�H=JCQ=CAO��EJ?HQ@EJC�#����@K�JKP�=HHKS�N=JCAO�KB�R=HQAO�BKN�?=OA

HEGA�OPNQ?PQNAO��#KJOE@AN�PDEO�]KS?D=NPEJC�AT=ILHA�PD=P�QOA@�N=JCAO�

!<:HE8����� !?BJ6;4EG<A:�8K4@C?8�HF<A:�E4A:8F

#KJOE@AN�=HOK�PDA�BKHHKSEJC�LOAQ@K?K@A�BKN�PDA�O=IA�HKCE?�

Case of age

0 to 17     Display "You can't vote."

18 to 64    Display "You're in your working years."
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65 +        Display "You should be retired."

Endcase

4OEJC�PDA�?=OA�?KJPNKH�OPNQ?PQNA�SDAJ�QOEJC�JKJ�EJPACAN�B=IEHU�KN�N=JCAO�KB�R=HQAO�EO

=HHKSA@�SDAJ�@AOECJEJC�=�LNKCN=I�=J@�@K?QIAJPEJC�PD=P�@AOECJ�SEPD�LOAQ@K?K@A�KN

BKS?D=NPEJC��(KSARAN��PDA�EILHAIAJP=PEKJ�EJ�IKOP�H=JCQ=CAO�SKQH@�BKHHKS�=A8FG87

<9�G;8AAHOA�=LLNK=?D�SEPD�?KILHAT�"KKHA=J�ATLNAOOEKJO��3DA�HKCE?�KB�PDA�=>KRA

AT=ILHAO�SKQH@�HKKG�HEGA�PDEO�

if age  >  0 and age <= to 17

display You can't vote.

else

if age is >= 18 and age <= 64

display You're in your working years.

else

display You should be retired.

�������"BB7�+GEH6GHE87�)EB:E4@@<A:�&8G;B7F
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O�KNC�HE?AJOAO�>U
O=�����	�

,KOP�PATP�>KKG�=QPDKNO�?KJBNI�PD=P�CKK@�OPNQ?PQNA@�LNKCN=IIEJC�PA?DJEMQAO�=J@

D=>EPO�=NA�IKNA�EILKNP=JP�PD=J�?KJ?AJPN=PEJC�KJ�PDA�PA?DJE?=H�LKOOE>EHEPEAO�=J@

?=L=>EHEPEAO�KB�PDA�H=JCQ=CA�PD=P�UKQ�=NA�QOEJC�PK�HA=NJ�LNKCN=IIEJC�OGEHHO�
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��������8NA<G<BAF
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O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������64F8

!�?KJPNKH�OPNQ?PQNA�PD=P�@KAO�IQHEPS=U�OAHA?PEKJ�

�8NA<G<BA�������FJ<G6;

!�#���?KJPNKH�OPNQ?PQNA�PD=P�?=J�>A�I=@A�PK�=?P�HEGA�=�?=OA�?KJPNKH�OPNQ?PQNA�
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������E4A6;<A:��BAGEB?�+GEH6GHE8F

��������<F6HFF<BA
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O�KNC�HE?AJOAO�>U
O=�����	�

3DA�>N=J?DEJC�?KJPNKH�OPNQ?PQNAO�=HHKS�PDA�BKS�KB�ATA?QPEKJ�PK�FQIL�PK�=�@E_ANAJP�L=NP

KB�PDA�LNKCN=I��3DA�?KIIKJ�>N=J?DEJC�?KJPNKH�OPNQ?PQNAO�PD=P�=NA�QOA@�SEPD�KPDAN

?KJPNKH�OPNQ?PQNAO�=NA��>NA=G��?KJPEJQA�=J@�CKPK��3DAOA�=NA�N=NAHU�QOA@�EJ�IK@QH=N

OPNQ?PQNA@�LNKCN=IIEJC�SEPD�KJA�AT?ALPEKJ��3D=P�AT?ALPEKJ�EO�EJ�NAH=PEKJ�PK�?NA=PEJC

PDA�?=OA�SEPDEJ�PDA�OAHA?PEKJ�?=PACKNU�KB�?KJPNKH�OPNQ?PQNAO��6EPDEJ�#���PDA�>NA=G�EO

QOA@�SEPD�PDA�OSEP?D�PK�?NA=PA�=�OPNQ?PQNA�PD=P�=?PO�HEGA�PDA�PN=@EPEKJ=H�?=OA�OPNQ?PQNA�

3DANA�EO�KJA�KPDAN�>N=J?DEJC�?KJPNKH�OPNQ?PQNA�PD=P�EO�KBPAJ�JKP�REASA@�=O�>N=J?DEJC

?KJPNKH�OPNQ?PQNA��`P�EO��NAPQNJ��SDE?D�EO�QOA@�SEPD�BQJ?PEKJO��3DQO��PDANA�=NA�PSK

?KIIKJHU�QOA@�>N=J?DEJC�?KJPNKH�NAOANRA@�SKN@O�QOA@�EJ�#����>NA=G�=J@�NAPQNJ�

!@@EPEKJ=HHU��SA�SEHH�=@@�PK�KQN�HEOP�KB�>N=J?DEJC�EPAIO�=�LNA
@A\JA@�BQJ?PEKJ

?KIIKJHU�QOA@�EJ�PDA�#���LNKCN=IIEJC�H=JCQ=CA�KB��ATEP��PD=P�EO�L=NP�KB�PDA�#

OP=J@=N@�HE>N=NU��?OP@HE>	��2KIA�@A\JEPEKJO�

����������8NA<G<BAF
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O�KNC�HE?AJOAO�>U
O=�����	�
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!HHKS�PDA�BKS�KB�ATA?QPEKJ�PK�FQIL�PK�=�@E_ANAJP�L=NP�KB�PDA�LNKCN=I�

�8NA<G<BA�������5E84>

!�>N=J?DEJC�?KJPNKH�OPNQ?PQNA�PD=P�PANIEJ=PAO�PDA�ATEOPEJC�OPNQ?PQNA�

�8NA<G<BA�������6BAG<AH8

!�>N=J?DEJC�?KJPNKH�OPNQ?PQNA�PD=P�?=QOAO�=�HKKL�PK�OPKL�EPO�?QNNAJP�EPAN=PEKJ�=J@�>ACEJ

PDA�JATP�KJA�

�8NA<G<BA��������:BGB

!�>N=J?DEJC�?KJPNKH�OPNQ?PQNA�PD=P�?=QOAO�PDA�HKCE?�PK�FQIL�PK�=�@E_ANAJP�LH=?A�EJ�PDA

LNKCN=I�

�8NA<G<BA��������E8GHEA

!�>N=J?DEJC�?KJPNKH�OPNQ?PQNA�PD=P�?=QOAO�=�BQJ?PEKJ�PK�FQIL�>=?G�PK�PDA�BQJ?PEKJ�PD=P

?=HHA@�EP�

�8NA<G<BA��������8K<G

!�LNA
@A\JA@�BQJ?PEKJ�QOA@�PK�LNAI=PQNAHU�OPKL�=�LNKCN=I�=J@�FQIL�PK�PDA�KLAN=PEJC

OUOPAI�
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6A�SEHH�@EO?QOO�A=?D�EPAI�EJ@E?=PEJC�SDE?D�KJAO�=NA�=HHKSA@�KN�JKP�=HHKSA@�SEPDEJ

CKK@�OPNQ?PQNA@�LNKCN=IIEJC�LN=?PE?AO�

������� K4@C?8F

���������5E84>

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�>NA=G�EO�QOA@�EJ�KJA�KB�PSK�S=UO��SEPD�PDA�OSEP?D��=�#���LNKCN=IIEJC�OPNQ?PQNA	

PK�I=GA�EP�=?P�HEGA�=�?=OA�OPNQ?PQNA��EP�O�IKNA�?KIIKJ�J=IA�SEPDEJ�IKOP�LNKCN=IIEJC

H=JCQ=CAO	�KN�=O�L=NP�KB�=�HKKLEJC�LNK?AOO�PK�>NA=G�KQP�KB�PDA�HKKL��3DA�\NOP�QO=CA�EO

=HHKSA@�EJ�CKK@�OPNQ?PQNA@�LNKCN=IIEJC�=J@�PDA�OA?KJ@�EO�JKP�=HHKSA@�EJ�CKK@

OPNQ?PQNA@�LNKCN=IIEJC�

 K4@C?8��������		�FBHE68�6B78

switch (age)

{

case 18: cout  << "\nYou can vote.";

break;

case 39: cout  << "\nYou are middle aged.";

break;

case 65: cout  << "\nYou are at retirement age.";

break;

default: cout  << "\nYour current age is not important.";

}

3DA�BKHHKSEJC�EO�=J�QJ=QPDKNEVA@�QOA�KB�>NA=G�EJ�=�HKKL�=J@�EP�CERAO�PDA�=LLA=N=J?A

PD=P�PDA�HKKL�SEHH�ATA?QPA���PEIAO��>QP�PDA�>NA=G�OP=PAIAJP�?=QOAO�EP�PK�OPKL�@QNEJC�PDA

\BPD�EPAN=PEKJ�

 K4@C?8��������		�FBHE68�6B78

counter = 0;

while(counter  < 8)

{

cout  <<  counter << endl;

if (counter == 4)

{

break;

}

counter++;

}
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���������6BAG<AH8

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�?KJPEJQA�OPNQ?PQNA�EO�JKP�=HHKSA@�EJ�CKK@�OPNQ?PQNA@�LNKCN=IIEJC��3DA�BKHHKSEJC

CERAO�PDA�=LLA=N=J?A�PD=P�PDA�HKKL�SEHH�LNEJP�PK�PDA�IKJEPKN���PEIAO��>QP�PDA�?KJPEJQA

OP=PAIAJP�?=QOAO�EP�JKP�PK�LNEJP�JQI>AN���

 K4@C?8��������		�FBHE68�6B78

for(counter = 0; counter  < 8; counter++)

{

if (counter == 4)

{

continue;

}

cout  <<  counter  << endl;

}

�������:BGB

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�CKPK�OPNQ?PQNA�EO�JKP�=HHKSA@�EJ�CKK@�OPNQ?PQNA@�LNKCN=IIEJC��`P�EO�SEPD�=�?ANP=EJ

=IKQJP�KB�DAOEP=J?U�PD=P�SA�ARAJ�ODKS�EP��,=JU�PATP>KKGO�@K�JKP�?KRAN�PDA�CKPK�

6EPDEJ�PDA�#���LNKCN=IIEJC�H=JCQ=CA�UKQ�?NA=PA�=�H=>AH�SEPD�=J�E@AJPE\AN�J=IA

BKHHKSA@�>U�=�?KHKJ��8KQ�QOA�PDA�?KII=J@�SKN@�CKPK�BKHHKSA@�>U�PDA�H=>AH��!�H=>AH

?=J�>A�QOA@�>ABKNA�EP�EO�@A?H=NA@�

 K4@C?8��������		�FBHE68�6B78

some lines of code;

goto mynewspot;               //jumps to the label

some lines of code;

some lines of code;

some lines of code;

mynewspot: some statement;    //Declared label

some lines of code;
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���������E8GHEA
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2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
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3DA�NAPQNJ�EO�=HHKSA@�EJ�CKK@�OPNQ?PQNA@�LNKCN=IIEJC��>QP�KJHU�=P�PDA�AJ@�KB�=

BQJ?PEKJ��!�BQJ?PEKJ�ODKQH@�JKP�LNA
I=PQNAHU�AJ@�>U�D=REJC�PDA�HKCE?�KB�PDA�BQJ?PEKJ

D=RA�EP�PANIEJ=PA�>U�FQILEJC�>=?G�PK�PDA�BQJ?PEKJ�PD=P�?=HHA@�EP�

 K4@C?8���������		�FBHE68�6B78

//******************************************************

// get data

//******************************************************

void get_data(void)

{

// Input - Test Data - 5678.9, 5432.1

cout  << "nnEnter the length of the property in feet --->: ";

cin  >> property_length;

cout  << "nnEnter the width of the property in feet ---->: ";

cin  >> property_width;

return;

}

���������8K<G
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?KIIKJ�QO=CA�EJ�LNK�CN=IIEJC��!�CKK@�AT=ILHA�EO�PDA�KLAJEJC�=�\HA�=J@�PDAJ

PAOPEJC�PK�OAA�EB�PDA�\HA�S=O�=?PQ=HHU�KLAJA@��`B�JKP��SA�D=RA�=J�ANNKN�PD=P�QOQ=HHU

EJ@E?=PAO�PD=P�SA�S=JP�PK�LNA
I=PQNAHU�OPKL�PDA�ATA?QPEKJ�KB�PDA�LNKCN=I��6EPDEJ�PDA

#���LNKCN=IIEJC�H=JCQ=CA�PDA�ATEP�BQJ?PEKJ�PANIEJ=PAO�PDA�NQJJEJC�KB�PDA�LNKCN=I

=J@�EJ�PDA�LNK?AOO�NAPQNJO�=J�EJPACAN�R=HQA�>=?G�PK�PDA�KLAN=PEJC�OUOPAI��`P�BPO�PDA

@A\JEPEKJ�KB�>N=J?DEJC�SDE?D�EO�PK�FQIL�PK�OKIA�KPDAN�LH=?A�EJ�PDA�LNKCN=I��`J�KQN

AT=ILHA�PDA�R=HQA�NAPQNJA@�PK�PDA�KLAN=PEJC�OUOPAI�EO�PDA�R=HQA�KB�PDA�?KJOP=JP

J=IA@��%7`3�&!`+41%�

 K4@C?8���������		�FBHE68�6B78

inData.open(filename); //Open input file

if (!inData)           //Test to see if file was opened

{

cout  << "nnnnError opening file: "  <<  filename  << "\n\n";

pause();             //Pause - user reads message
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exit(EXIT_FAILURE);  //Allows a pre-mature jump to OS

}

�����)E46G<68�����&H?G<J4L�+8?86G<BA
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� Manipulation_Data_Part_3(http://www.opentextbooks.org.hk/system/files/resource/5/5267/566
8/media/Manipulation_Data_Part_3.pdf)
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����������BJA?B47�G;8�%45�!<?8�F�

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$KSJHK=@�=J@�OPKNA�PDA�BKHHKSEJC�\HA�O	�PK�UKQN�OPKN=CA�@ARE?A�EJ�PDA�=LLNKLNE=PA

BKH@AN�O	�

� Lab_12a(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5671/media/Lab_12
a.cpp)

����������8G4<?87�%45�QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

1A=@�=J@�BKHHKS�PDA�@ENA?PEKJO�>AHKS�?=NABQHHU��=J@�LANBKNI�PDA�OPALO�EJ�PDA�KN@AN

HEOPA@�

[ #KILEHA�=J@�NQJ�PDA�+=><��=�?LL�OKQN?A�?K@A�\HA��4J@ANOP=J@�DKS�EP�SKNGO�

[ #KLU�PDA�OKQN?A�?K@A�\HA�+=><��=�?LL�J=IEJC�EP��+=><��>�?LL
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[ #KJRANP�PDA�JAOPA@�EB�PDAJ�AHOA�PK�=�OSEP?D�SEPD�>NA=GO�

[ "QEH@��?KILEHA�=J@�NQJ	�UKQN�LNKCN=I�

[ !BPAN�UKQ�D=RA�OQ??AOOBQHHU�SNEPPAJ�PDEO�LNKCN=I��EB�UKQ�=NA�P=GEJC�PDEO�?KQNOA�BKN

?KHHACA�?NA@EP��BKHHKS�PDA�EJOPNQ?PEKJO�BNKI�UKQN�LNKBAOOKN�EJOPNQ?PKN�BKN

OQ>IEPPEJC�EP�BKN�CN=@EJC�

�������)EB5?8@F

���������)EB5?8@���4��QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

&HKS?D=NP�PDA�BKHHKSEJC�LOAQ@K?K@A�

 K4@C?8��������CF8H7B6B78

Case of shoe_size

4 to 6 Display "Small."

7 to 9 Display "Medium."

10 +   Display "Large."

Endcase

���������)EB5?8@���5��QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA��&HEL
&HKLO��EO�=�QJEMQA�ODKA�OPKNA�PD=P�KJHU�OAHHO�\L
BKLO��!@QHP�ODKA�OEVAO�HAOO

PD=J���=NA�D=J@HA@�EJ�PDA�?DEH@NAJ�O�@AL=NPIAJP��PDQO�SA�@KJ�P�JAA@�PK�?KJ?ANJ

KQNOAHRAO�SEPD�OEVAO�HAOO�PD=J����(=HB�ODKA�OEVAO�=NA�PK�>A�NKQJ@A@�@KSJ��PDQO�PDA

LNKILP�PK�PDA�QOAN�PD=P�D=LLAJO�>ABKNA�PDEO�?=OA�OPNQ?PQNA�SEHH�D=RA�=@@NAOOA@�PD=P

EOOQA��3DA�R=NE=>HA�ODKA�OEVA�SEHH�>A�=J�EJPACAN�R=HQA�>APSAAJ���=J@��������������

�KJA�>EHHEKJ	�

6NEPA�#���OKQN?A�?K@A�BKN�PDA�BKHHKSEJC�LOAQ@K?K@A�

 K4@C?8��������CF8H7B6B78

Case of shoe_size

4 to 6 Display "Small."

7 to 9 Display "Medium."

10 + Display "Large."

Endcase
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���������)EB5?8@���6��QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6NEPA�#���OKQN?A�?K@A�BKN�PDA�BKHHKSEJC�LOAQ@K?K@A�

 K4@C?8��������CF8H7B6B78

If age equal to 24

Display a message "You're the same age as Melinda."

Else

If age equal to 27

Display a message "You're the same age as Ruth."

Else

If age equal to 34

Display a message "You're the same age as Ben."

Else

Display a message "You're age is un-important."

Endif

Endif

Endif

�������+B?HG<BAF�GB� K8E6<F8F�<A��;4CG8E���

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+B?HG<BA�GB� K8E6<F8�������

�AFJ8EF�

�� �

�� �

�� �

�� �

�� �

�� �

�� �

�� %NNKN��PDANA�JAA@O�PK�>A�=J�KLAN=J@�>APSAAJ�PDA�KLAN=PKNO���=J@����

2KHQPEKJO�PK�/N=?PE?A�����,QHPES=U�2AHA?PEKJ

+B?HG<BA�GB� K8E6<F8�������

�AFJ8EF�

�� �

�� �
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�� �

�� �

�� �

�� �

�� �

�� %NNKN��PDANA�JAA@O�PK�>A�=J�KLAN=J@�>APSAAJ�PDA�KLAN=PKNO���=J@����
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�;4CG8E����,8FG��9G8E�%BBCF

������B�/;<?8�%BBC

�������QAGEB7H6G<BA�GB�,8FG��9G8E�%BBCF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DANA�=NA�PSK�?KIIKJHU�QOA@�PAOP�=BPAN�HKKLO�EJ�PDA�EPAN=PEKJ��KN�NALAPEPEKJ	�?=PACKNU

KB�?KJPNKH�OPNQ?PQNAO��3DAU�=NA��@K�SDEHA�=J@�NALA=P�QJPEH��3DEO�IK@QHA�?KRANO�PDA��@K

SDEHA�

���������-A78EFG4A7<A:�QG8E4G<BA�<A�"8A8E4?��7B�J;<?8

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�?KJ?ALP�KB�EPAN=PEKJ�EO�?KJJA?PA@�PK�LKOOE>HU�S=JPEJC�PK�NALA=P�=J�=?PEKJ��+EGA�=HH

?KJPNKH�OPNQ?PQNAO�SA�=OG�=�MQAOPEKJ�PK�?KJPNKH�PDA�ATA?QPEKJ�KB�PDA�HKKL��3DA�PANI

HKKL�?KIAO�BNKI�PDA�?EN?QH=N�HKKLEJC�IKPEKJ�PD=P�K??QNO�SDAJ�QOEJC�]KS?D=NPEJC��3DA

>=OE?�BKNI�KB�PDA�@K�SDEHA�HKKL�EO�=O�BKHHKSO�

do

some statements or action

some statements or action

some statements or action

update the flag

while the answer to the question is true

`J�ARANU�H=JCQ=CA�PD=P�`�GJKS�PDA�MQAOPEKJ��?=HHA@�=G8FG�8KCE8FF<BA	�EO�=�BB?84A

8KCE8FF<BA��3DA�"KKHA=J�@=P=�PULA�D=O�PSK�R=HQAO�<�PNQA�=J@�B=HOA��+AP�O�NASNEPA�PDA

OPNQ?PQNA�PK�?KJOE@AN�PDEO�

do

some statements or action

some statements or action

some statements or action

update the flag

while expression is true

6EPDEJ�PDA�@K�SDEHA�?KJPNKH�OPNQ?PQNA�PDANA�=NA�PDNAA�=PPNE>QPAO�KB�=�LNKLANHU�SKNGEJC

HKKL��3DAU�=NA�

[ !?PEKJ�KN�=?PEKJO
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[ 4L@=PA�KB�PDA�B=C

[ 3AOP�ATLNAOOEKJ

3DA�%JCHEOD�LDN=OEJC�EO���8KQ�@K�PDA�=?PEKJ�SDEHA�PDA�ATLNAOOEKJ�EO�PNQA���3DEO�EO

HKKLEJC�KJ�PDA�PNQA��6DAJ�PDA�PAOP�ATLNAOOEKJ�EO�B=HOA��UKQ�OPKL�PDA�HKKL�=J@�CK�KJ

SEPD�PDA�JATP�EPAI�EJ�PDA�LNKCN=I��-KPE?A��>A?=QOA�PDEO�EO�=�PAOP�=BPAN�HKKL�PDA�=?PEKJ

SEHH�=HS=UO�D=LLAJ4G�?84FG�BA68��`P�EO�?=HHA@�=G8FG=BPAN�HKKL�>A?=QOA�PDA�PAOP�?KIAO

=BPAN�PDA�=?PEKJ��`P�EO�=HOK�OKIAPEIAO�?=HHA@�=�LKOP
PAOP�HKKL��IA=JEJC�PDA�PAOP�EO�LKOP

�KN�+=PEJ�BKN�=BPAN	�PDA�=?PEKJ�=J@�QL@=PA�

�������,;8�7B�J;<?8�+GEH6GHE8�J<G;<A��		

���������+LAG4K

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�OUJP=T�BKN�PDA�@K�SDEHA�?KJPNKH�OPNQ?PQNA�SEPDEJ�PDA�#���LNKCN=IIEJC�H=JCQ=CA�EO�

do

{

statement;

statement;

statement;

statement; // This statement updates the flag;

}

while (expression);

Note: The test expression is within the parentheses, but this is not a function

call. The parentheses are part of the control structu re. Additionally, there is a

semicolon after the parenthesis following the expression.

����������A� K4@C?8

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

 K4@C?8��������		�FBHE68�6B78��7B�J;<?8�?BBC

do

{

cout  << "nnWhat is your age? ";

cin  >> age_user;

cout  << "nnWhat is your friend's age? ";

cin  >> age_friend;
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cout  >> "nnTogether your ages add up to: ";

cout  >> (age_user + age_friend);

cout  << "nnDo you want to do it again? y or n ";

cin  >> loop_response;

}

while (loop_response == 'y');

3DA�PDNAA�=PPNE>QPAO�KB�=�PAOP�=BPAN�HKKL�=NA�LNAOAJP��3DA�=?PEKJ�L=NP�?KJOEOPO�KB�PDA��

HEJAO�PD=P�LNKILP�BKN�@=P=�=J@�PDAJ�@EOLH=UO�PDA�PKP=H�KB�PDA�PSK�=CAO��3DA�QL@=PA�KB

PDA�B=C�EO�PDA�@EOLH=UEJC�PDA�MQAOPEKJ�=J@�CAPPEJC�PDA�=JOSAN�BKN�PDA�R=NE=>HA�HKKL

NAOLKJOA��3DA�PAOP�EO�PDA�AMQ=HEPU�NAH=PEKJ=H�?KIL=NEOKJ�KB�PDA�R=HQA�EJ�PDA�B=C�R=NE=>HA

PK�PDA�HKSAN�?=OA�?D=N=?PAN�KB�U�

3DEO�PULA�KB�HKKL�?KJPNKH�EO�?=HHA@�=J�ARAJP�?KJPNKHHA@�HKKL��3DA�B=C�QL@=PEJC�EO�=J

ARAJP�SDANA�OKIAKJA�@A?E@AO�EB�PDAU�S=JP�PDA�HKKL�PK�ATA?QPA�=C=EJ�

4OEJC�EJ@AJP=PEKJ�SEPD�PDA�=HECJIAJP�KB�PDA�HKKL�=?PEKJO�=J@�B=C�QL@=PA�EO�JKNI=H

EJ@QOPNU�LN=?PE?A�SEPDEJ�PDA�#���?KIIQJEPU�

���������QANA<G8�%BBCF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

!P�PDEO�LKEJP�EP�O�SKNPD�IAJPEKJEJC�PD=P�CKK@�LNKCN=IIEJC�=HS=UO�LNKRE@AO�BKN�=

IAPDK@�PK�EJOQNA�PD=P�PDA�HKKL�MQAOPEKJ�SEHH�ARAJPQ=HHU�>A�B=HOA�OK�PD=P�PDA�HKKL�SEHH

OPKL�ATA?QPEJC�=J@�PDA�LNKCN=I�?KJPEJQAO�SEPD�PDA�JATP�HEJA�KB�?K@A��(KSARAN��EB�PDEO

@KAO�JKP�D=LLAJ�PDAJ�PDA�LNKCN=I�EO�EJ�=J�`J\JEPA�HKKL��`J\JEPA�HKKLO�=NA�=�>=@�PDEJC�

#KJOE@AN�PDA�BKHHKSEJC�?K@A�

 K4@C?8��������		�FBHE68�6B78��QANA<G8�?BBC

loop_response = 'y';

do

{

cout  << "\nWhat is your age? ";

cin  >> age_user;

cout  << "\nWhat is your friend's age? ";

cin  >> age_friend;

cout  >> "\nTogether your ages add up to: ";

cout  >> (age_user + age_friend);

}

while (loop_response == 'y');

3DA�LNKCN=IIAN�=OOECJA@�=�R=HQA�PK�PDA�B=C�>ABKNA�PDA�HKKL�=J@�BKNCKP�PK�QL@=PA�PDA

B=C��%RANU�PEIA�PDA�PAOP�ATLNAOOEKJ�EO�=OGA@�EP�SEHH�=HS=UO�>A�PNQA��3DQO��=J�`J\JEPA�HKKL
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>A?=QOA�PDA�LNKCN=IIAN�@E@�JKP�LNKRE@A�=�S=U�PK�ATEP�PDA�HKKL��DA�BKNCKP�PK�QL@=PA

PDA�B=C	�

#KJOE@AN�PDA�BKHHKSEJC�?K@A�

 K4@C?8��������		�FBHE68�6B78��QANA<G8�?BBC

do

{

cout << "\nWhat is your age? ";

cin  >> age_user;

cout  << "\nWhat is your friend's age? ";

cin  >> age_friend;

cout  >> "\nTogether your ages add up to: ";

cout  >> (age_user + age_friend);

cout  << "\nDo you want to do it again? y or n ";

cin  >> loop_response;

}

while (loop_response = 'y');

-K�I=PPAN�SD=P�PDA�QOAN�NALHEAO�@QNEJC�PDA�B=C�QL@=PA��PDA�PAOP�ATLNAOOEKJ�@KAO�JKP

@K�=�NAH=PEKJ=H�?KIL=NEOKJ�>QP�@KAO�=J�=OOECJIAJP��`P�=OOECJO��U��PK�PDA�R=NE=>HA�=J@

=OGO�EB��U��EO�PNQA��2EJ?A�=HH�JKJ
VANK�R=HQAO�=NA�PNA=PA@�=O�NALNAOAJPEJC�PNQA�SEPDEJ�PDA

"KKHA=J�?KJ?ALPO�KB�PDA�#���LNKCN=IIEJC�H=JCQ=CA��PDA�=JOSAN�PK�PDA�PATP�MQAOPEKJ

EO�PNQA��5EKH=��UKQ�D=RA�=J�`J\JEPA�HKKL�

��������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������7B�J;<?8

!�PAOP�=BPAN�EPAN=PEKJ�?KJPNKH�OPNQ?PQNA�=R=EH=>HA�EJ�#���

�8NA<G<BA�������46G<BA�<G8@

!J�=PPNE>QPA�KB�EPAN=PEKJ�?KJPNKH�OPNQ?PQNAO�

�8NA<G<BA�������HC74G8�<G8@

!J�=PPNE>QPA�KB�EPAN=PEKJ�?KJPNKH�OPNQ?PQNAO�

�8NA<G<BA�������G8FG�<G8@

!J�=PPNE>QPA�KB�EPAN=PEKJ�?KJPNKH�OPNQ?PQNAO�

�8NA<G<BA�������4G�?84FG�BA68

`J@E?=PEJC�PD=P�PAOP�=BPAN�HKKLO�ATA?QPA�PDA�=?PEKJ�=P�HA=OP�KJ?A�

�8NA<G<BA�������<ANA<G8�?BBC
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-K�IAPDK@�KB�ATEP��PDQO�=�>=@�PDEJC�

�����!?4:��BA68CG

��������BA68CG��<F6HFF<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

&KN�?AJPQNEAO�]=CO�D=RA�>AAJ�QOA@�=O�=�OECJ=H�PK�HAP�KPDANO�GJKS�OKIAPDEJC�=>KQP�PDA

CNKQL�KN�EJ@ERE@Q=H�PD=P�EO�@EOLH=UEJC��BUEJC�KN�S=REJC�PDA�]=C��3DANA�=NA�?KQJPNU�]=CO

=J@�OP=PA�]=CO��2DELO�=P�OA=�BAS�PDA�]=C�KB�PDAEN�?KQJPNU��/EN=PAO�BAS�PDA�OGQHH�=J@

?NKOO�>KJAO��!�UAHHKS�]=C�S=O�QOA@�BKN�MQ=N=JPEJA��QOQ=HHU�PDA�LH=CQA��%RAJ�LEN=PAO

OP=UA@�=S=U��3K@=U��OKIA�LAKLHA�IECDP�NA?KCJEVA�PDA�]=C�QOA@�>U�O?Q>=�@ERANO��3DA

/NAOE@AJPO�KB�IKOP�?KQJPNEAO�D=RA�=�]=C��!P�=�N=?A�?=N�ARAJP�PDAU�QOA�PDA�?DA?GANA@

]=C�PK�EJ@E?=PA�PDA�N=?A�EO�KRAN�

!<:HE8����� .4E<BHF�!?4:F

#KILQPAN�LNKCN=IIEJC�QOAO�PDA�?KJ?ALP�KB�=�]=C�EJ�PDA�O=IA�S=U�PD=P�LDUOE?=H�]=CO

=NA�QOA@��!�B=C�EO�=JUPDEJC�PD=P�OECJ=HO�OKIA�EJBKNI=PEKJ�PK�PDA�LANOKJ�HKKGEJC�=P�EP�

��������B@CHG8E�Q@C?8@8AG4G<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

!JU�R=NE=>HA�KN�?KJOP=JP�PD=P�DKH@O�@=P=�?=J�>A�QOA@�=O�=�]=C��8KQ�?=J�PDEJG�KB�PDA

OPKN=CA�HK?=PEKJ�=O�=�]=C�LKHA��3DA�R=HQA�OPKNA@�SEPDEJ�PDA�R=NE=>HA�?KJRAUO�OKIA
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IA=JEJC�=J@�UKQ�?=J�PDEJG�KB�EP�=O�>AEJC�PDA�]=C��!J�AT=ILHA�IECDP�>A�=�R=NE=>HA

J=IA@��CAJ@AN�SDE?D�EO�KB�PDA�?D=N=?PAN�@=P=�PULA��3DA�PSK�R=HQAO�JKNI=HHU�OPKNA@�EJ

PDA�R=NE=>HA�=NA���&��=J@��,��IA=JEJC�BAI=HA�=J@�I=HA��3DAJ��OKIASDANA�SEPDEJ�=

LNKCN=I�SA�IECDP�HKKG�=P�PDA�R=NE=>HA�PK�I=GA�=�@A?EOEKJ�

 K4@C?8�������O4:�6BAGEB?<A:�4A�<9�G;8A�6BAGEB?�FGEH6GHE8

if gender equals 'F'

display "Are you pregnant?"

get answer from user store in pregnant variable

+KKGEJC�=P�PDA�]=C�EILHEAO�?KIL=NEJC�PDA�R=HQA�EJ�PDA�R=NE=>HA�PK�=JKPDAN�R=HQA��=

?KJOP=JP�KN�PDA�R=HQA�EJ�=JKPDAN�R=NE=>HA	�QOEJC�=�NAH=PEKJ=H�KLAN=PKN��EJ�KQN�=>KRA

AT=ILHA��AMQ=HEPU	�

#KJPNKH�OPNQ?PQNAO�=NA��?KJPNKHHA@��>U�QOEJC�=G8FG�8KCE8FF<BASDE?D�EO�QOQ=HHU�=

�BB?84A�8KCE8FF<BA��3DQO��PDA�]=C�?KJ?ALP�KB��HKKGEJC��=P�PDA�R=HQA�EJ�PDA�R=NE=>HA

=J@�?KIL=NEJC�EP�PK�=JKPDAN�R=HQA�EO�BQJ@=IAJP=H�PK�QJ@ANOP=J@EJC�DKS�=HH�?KJPNKH

OPNQ?PQNAO�SKNG�

�������,JB�!?4:F�J<G;�G;8�+4@8�&84A<A:

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

2KIAPEIAO�SA�SEHH�QOA�=J�EPAN=PEKJ�?KJPNKH�OPNQ?PQNA�KB�@K�SDEHA�PK�=HHKS�QO�PK�@A?E@A

EB�SA�S=JP�PK�@K�PDA�HKKL�=?PEKJ�=C=EJ��!�R=NE=>HA�IECDP�>A�J=IA@��HKKL�NAOLKJOA�

SEPD�PDA�QOAN�LNKILPA@�BKN�PDAEN�=JOSAN�KB��U��BKN�UAO�KN��J��BKN�JK��.J?A�PDA�=JOSAN�EO

NAPNEARA@�BNKI�PDA�GAU>K=N@�=J@�OPKNA@�EJ�KQN�]=C�R=NE=>HA�KB��HKKL�NAOLKJOA��PDA�PAOP

ATLNAOOEKJ�PK�?KJPNKH�PDA�HKKL�IECDP�>A�

 K4@C?8�������F<@C?8�O4:�6B@C4E<FBA

loop_response equals 'y'

3DEO�EO�BJA�>QP�SD=P�EB�PDA�QOAN�=??E@AJP=HHU�D=O�KJ�PDA�?=LO�HK?G��3DAJ�DEO�NAOLKJOA�KB

�8��SKQH@�JKP�D=RA�PDA�?KJPNKH�OPNQ?PQNA�HKKL�=J@�LANBKNI�PDA�=?PEKJ�=C=EJ��3DA

OKHQPEKJ�HEAO�EJ�HKKGEJC�=P�PDA�]=C�PSE?A��#KJOE@AN�

 K4@C?8�������6B@C?8K�O4:�6B@C4E<FBA

loop_response equals 'y' or loop response equals 'Y'

6A�HKKG�PK�OAA�EB�PDA�]=C�EO�AEPDAN�=�HKSAN�?=OA�U�KN�=J�QLLAN�?=OA�8�>U�QOEJC�=�IKNA

?KILHAT�"KKHA=J�ATLNAOOEKJ�SEPD�>KPD�NAH=PEKJ=H�=J@�HKCE?=H�KLAN=PKNO�
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�������&H?G<C?8�!?4:F�<A�(A8��LG8

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6EPDEJ�=OOAI>HU�H=JCQ=CA�LNKCN=IIEJC�=J@�EJ�I=JU�PA?DJE?=H�LNKCN=IO�PD=P�?KJPNKH

OLA?E=H�@ARE?AO��PDA�QOA�KB�=�OEJCHA�>UPA�PK�NALNAOAJP�OARAN=H�]=CO�EO�?KIIKJ��3DEO�EO

=??KILHEODA@�>U�D=REJC�A=?D�KJA�KB�PDA���>EPO�PD=P�I=GA�QL�PDA�>UPA�NALNAOAJP�=�]=C�

%=?D�>EP�D=O�=�R=HQA�KB�AEPDAN���KN���=J@�?=J�NALNAOAJP�PNQA�=J@�B=HOA��KJ�KN�KB��UAO�KN

JK��AP?�

��������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������O4:

!�R=NE=>HA�KN�?KJOP=JP�QOA@�PK�OPKNA�EJBKNI=PEKJ�PD=P�SEHH�JKNI=HHU�>A�QOA@�PK�?KJPNKH

PDA�LNKCN=I�

������FF<:A@8AG�IF� DH4?<GL�J<G;<A��		

�������"8A8E4?��<F6HFF<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

,KOP�?KJPNKH�OPNQ?PQNAO�QOA�=G8FG�8KCE8FF<BAPD=P�ATA?QPAO�AEPDAN�OAHA?PEKJ��=O�EJ�PDA�

EB�PDAJ�AHOA	�KN�EPAN=PEKJ��=O�EJ�PDA�SDEHA��@K�SDEHA��KN�BKN�HKKLO	�>=OA@�KJ�PDA

PNQPDBQHJAOO�KN�B=HOAJAOO�KB�PDA�ATLNAOOEKJ��3DQO��SA�KBPAJ�P=HG�=>KQP�PDA�BB?84A

8KCE8FF<BAPD=P�EO�?KJPNKHHEJC�PDA�OPNQ?PQNA��6EPDEJ�I=JU�LNKCN=IIEJC�H=JCQ=CAO�

PDEO�ATLNAOOEKJ�IQOP�>A�=�"KKHA=J�ATLNAOOEKJ�=J@�EO�CKRANJA@�>U�=�PECDP�OAP�KB�NQHAO�

(KSARAN��EJ�#���ARANU�@=P=�PULA�?=J�>A�QOA@�=O�=�"KKHA=J�ATLNAOOEKJ��>A?=QOA�ARANU

@=P=�PULA�?=J�>A�@AIKPA@�EJPK�=�"KKHA=J�R=HQA�>U�QOEJC�PDA�NQHA�?KJ?ALP�PD=P�VANK

NALNAOAJPO�B=HOA�=J@�=HH�JKJ
VANK�R=HQAO�NALNAOAJP�PNQA�

6EPDEJ�#���SA�D=RA�PDA�LKPAJPE=H�=@@A@�?KJBQOEKJ�KB�PDA�AMQ=HO�OUI>KH�=O�=J

KLAN=PKN�PD=P�@KAO�JKP�NALNAOAJP�PDA�JKNI=H�I=PD�IA=JEJC�KB8DH4?<GLPD=P�SA�D=RA

QOA@�BKN�IKOP�KB�KQN�HEBA��3DA�AMQ=HO�OUI>KH�SEPD�#���IA=JO�4FF<:A@8AG��3K�CAP�PDA

AMQ=HEPU�?KJ?ALP�KB�I=PD�SEPDEJ�#���SA�QOA�PSK�AMQ=H�OUI>KHO�PK�NALNAOAJP�PDA

NAH=PEKJ=H�KLAN=PKN�KB�AMQ=HEPU��+AP�O�?KJOE@AN�

if (pig = 'y')

{

cout Ç "\nPigs are good";

}

else
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{

cout Ç "\nPigs are bad.";

}

3DA�PAOP�ATLNAOOEKJ�KB�PDA�?KJPNKH�OPNQ?PQNA�SEHH�=HS=UO�>A�PNQA��>A?=QOA�PDA

ATLNAOOEKJ�EO�=J�=OOECJIAJP��JKP�PDA�NAH=PEKJ=H�KLAN=PKN�KB���	��`P�=OOECJO�PDA��U��PK�PDA

R=NE=>HA�LEC��PDAJ�HKKGO�=P�PDA�R=HQA�EJ�LEC�=J@�@APANIEJAO�PD=P�EP�EO�JKP�VANK��PDANABKNA

PDA�ATLNAOOEKJ�EO�PNQA��!J@�EP�SEHH�=HS=UO�>A�PNQA�=J@�PDA�AHOA�L=NP�SEHH�JARAN�>A

ATA?QPA@��3DEO�EO�JKP�SD=P�PDA�LNKCN=IIAN�D=@�EJPAJ@A@��+AP�O�?KJOE@AN�

do

{

cout Ç "\nPigs are good";

cout Ç "\nDo it again, answer y or n: ";

cin È do it again

}

while (do it again = 'y');

3DA�HKKL�O�PAOP�ATLNAOOEKJ�SEHH�=HS=UO�>A�PNQA��>A?=QOA�PDA�ATLNAOOEKJ�EO�=J

=OOECJIAJP��JKP�PDA�NAH=PEKJ=H�KLAN=PKN�KB���	��`P�=OOECJO�PDA��U��PK�PDA�R=NE=>HA

@K<EP<=C=EJ��PDAJ�HKKGO�=P�PDA�R=HQA�EJ�@K�EP�=C=EJ�=J@�@APANIEJAO�PD=P�EP�EO�JKP�VANK�

PDANABKNA�PDA�ATLNAOOEKJ�EO�PNQA��!J@�EP�SEHH�=HS=UO�>A�PNQA�=J@�UKQ�D=RA�FQOP�?NA=PA@

=J�`J\JEPA�HKKL��!O�=�NAIEJ@AN��`J\JEPA�HKKLO�=NA�JKP�=�CKK@�PDEJC�

3DAOA�AT=ILHAO�=NA�PK�NAIEJ@�UKQ�PD=P�UKQ�IQOP�>A�?=NABQH�EJ�?NA=PEJC�UKQN�PAOP

ATLNAOOEKJO�OK�PD=P�PDAU�=NA�EJ@AA@�=�MQAOPEKJ�QOQ=HHU�EJRKHREJC�PDA�NAH=PEKJ=H

KLAN=PKNO�

$KJ�P�CAP�?=QCDP�QOEJC�=OOECJIAJP�BKN�AMQ=HEPU�

�����*8C84G�-AG<?�%BBC

�������QAGEB7H6G<BA�GB�,8FG��9G8E�%BBCF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DANA�=NA�PSK�?KIIKJHU�QOA@�PAOP�=BPAN�HKKLO�EJ�PDA�EPAN=PEKJ��KN�NALAPEPEKJ	�?=PACKNU

KB�?KJPNKH�OPNQ?PQNAO��3DAU�=NA��@K�SDEHA�=J@�NALA=P�QJPEH��3DEO�IK@QHA�?KRANO�PDA�

NALA=P�QJPEH�
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���������-A78EFG4A7<A:�QG8E4G<BA�<A�"8A8E4?��E8C84G�HAG<?

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�?KJ?ALP�KB�EPAN=PEKJ�EO�?KJJA?PA@�PK�LKOOE>HU�S=JPEJC�PK�NALA=P�=J�=?PEKJ��+EGA�=HH

?KJPNKH�OPNQ?PQNAO�SA�=OG�=�MQAOPEKJ�PK�?KJPNKH�PDA�ATA?QPEKJ�KB�PDA�HKKL��3DA�PANI

HKKL�?KIAO�BNKI�PDA�?EN?QH=N�HKKLEJC�IKPEKJ�PD=P�K??QNO�SDAJ�QOEJC�BKS?D=NPEJC��3DA

>=OE?�BKNI�KB�PDA�NALA=P�QJPEH�HKKL�EO�=O�BKHHKSO�

repeat

some statements or action

some statements or action

some statements or action

update the flag

until the answer to the question becomes true

`J�ARANU�H=JCQ=CA�PD=P�`�GJKS�PDA�MQAOPEKJ��?=HHA@�=G8FG�8KCE8FF<BA	�EO�=�BB?84A

8KCE8FF<BA��3DA�"KKHA=J�@=P=�PULA�D=O�PSK�R=HQAO�PNQA�=J@�B=HOA��+AP�O�NASNEPA�PDA

OPNQ?PQNA�PK�?KJOE@AN�PDEO�

repeat

some statements or action

some statements or action

some statements or action

update the flag

until expression becomes true

6EPDEJ�PDA�NALA=P�QJPEH�?KJPNKH�OPNQ?PQNA�PDANA�=NA�PDNAA�=PPNE>QPAO�KB�=�LNKLANHU

SKNGEJC�HKKL��3DAU�=NA�

[ !?PEKJ�KN�=?PEKJO

[ 4L@=PA�KB�PDA�B=C

[ 3AOP�ATLNAOOEKJ

3DA�%JCHEOD�LDN=OEJC�EO���8KQ�NALA=P�PDA�=?PEKJ�QJPEH�PDA�ATLNAOOEKJ�>A?KIAO�PNQA��

3DEO�EO�HKKLEJC�KJ�PDA�B=HOA��6DAJ�PDA�PAOP�ATLNAOOEKJ�>A?KIAO�PNQA��UKQ�OPKL�PDA�HKKL

=J@�CK�KJ�SEPD�PDA�JATP�EPAI�EJ�PDA�LNKCN=I��-KPE?A��>A?=QOA�PDEO�EO�=�PAOP�=BPAN�HKKL

PDA�=?PEKJ�SEHH�=HS=UO�D=LLAJ4G�?84FG�BA68��`P�EO�?=HHA@�=��PAOP�=BPAN�HKKL��>A?=QOA�PDA

PAOP�?KIAO�=BPAN�PDA�=?PEKJ��`P�EO�=HOK�OKIAPEIAO�?=HHA@�=�LKOP
PAOP�HKKL��IA=JEJC�PDA

PAOP�EO�LKOP��KN�+=PEJ�BKN�=BPAN	�PDA�=?PEKJ�=J@�QL@=PA�
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�������,;8�E8C84G�HAG<?�+GEH6GHE8�J<G;<A��		

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6AHH��EP�FQOP�@KAO�JKP�ATEOP��,KOP�LNKCN=IIEJC�H=JCQ=CAO�D=RA�AEPDAN�PDA�@K�SDEHA�KN

PDA�NALA=P�QJPEH�?KJPNKH�OPNQ?PQNAO��>QP�JKP�>KPD�

��������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������E8C84G�HAG<?

!�PAOP�=BPAN�EPAN=PEKJ�?KJPNKH�OPNQ?PQNA�PD=P�EO�JKP�=R=EH=>HA�EJ�#���

�����)E46G<68�����,8FG��9G8E�%BBCF

�������%84EA<A:�(5=86G<I8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6EPD������=??QN=?U�@QNEJC�=��IAIKNU�>QEH@EJC�=?PEREPU��ATAN?EOAO��H=>�=OOECJIAJP�

LNK>HAIO��KN�PEIA@�MQEV�AT=I��PDA�OPQ@AJP�EO�ATLA?PA@�PK�

�� $A\JA�PDA�PANIO�KJ�PDA�@A\JEPEKJO�=O�HEOPA@�EJ�PDA�IK@QHAO�=OOK?E=PA@�SEPD�PDEO

?D=LPAN�

�� `@AJPEBU�SDE?D�OAHA?PEKJ�?KJPNKH�OPNQ?PQNAO�=NA�PAOP�=BPAN�EPAN=PEKJ�

�� "A�=>HA�PK�SNEPA�LOAQ@K�?K@A�KN�BKS?D=NPEJC�BKN�PDA�@K�SDEHA�?KJPNKH�OPNQ?PQNA�

�� "A�=>HA�PK�SNEPA�#���OKQN?A�?K@A�BKN�=�@K�SDEHA�?KJPNKH�OPNQ?PQNA�

�������&8@BEL��H<?7<A:��6G<I<G<8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

,"!���

����

2AA�PDA�\HA�=P��DPPL���?JT�KNC�?KJPAJP�I������H=PAOP�EJ@AT�DPIH�

����

������� K8E6<F8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

 K8E6<F8�������
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�AFJ8E�G;8�9B??BJ<A:�FG4G8@8AGF�4F�8<G;8E�GEH8�BE�94?F8�

�� 3DA�@K�SDEHA�=J@�NALA=P�QJPEH�OPNQ?PQNA�=?P�AT=?PHU�PDA�O=IA�

�� 2PQ@AJPO�OKIAPEIAO�?KJBQOA�=OOECJIAJP�=J@�AMQ=HEPU�

�� 3DA�NALA=P�QJPEH�HKKLEJC�?KJPNKH�OPNQ?PQNA�EO�=R=EH=>HA�EJ�=HH�LNKCN=IIEJC

H=JCQ=CAO�

�� "A?=QOA�B=CO�=NA�KBPAJ�QOA@��PDAU�=NA�QOQ=HHU�=�OLA?E=H�@=P=�PULA�

�� 3DA�@K�SDEHA�EO�=�PAOP�>ABKNA�HKKL�

�������&<F68??4A8BHF�QG8@F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+EJG�PK��!JEI=PA@�CEB�ODKSEJC�=�@K�SDEHA�HKKL�

���������%45��FF<:A@8AG

������������E84G<A:�4�!B?78E�BE�+H5�!B?78E�9BE��;4CG8E����!<?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$ALAJ@EJC�KJ�UKQN�?KILEHAN�`$%��UKQ�ODKQH@�@A?E@A�SDANA�PK�@KSJHK=@�=J@�OPKNA

OKQN?A�?K@A�\HAO�BKN�LNK?AOOEJC��/NQ@AJ?A�@E?P=PAO�PD=P�UKQ�?NA=PA�PDAOA�BKH@ANO�=O

JAA@A@�LNEKN�PK�@KSJHK=@EJC�OKQN?A�?K@A�\HAO��!�OQCCAOPA@�OQ>
BKH@AN�BKN�PDA

�?BB7F;87��8I��		���6B@C<?8E
Q� IECDP�>A�J=IA@�

[ #D=LPAN<���SEPDEJ�PDA�BKH@AN�J=IA@��#LL<2KQN?A<#K@A<&EHAO

`B�UKQ�D=RA�JKP�@KJA�OK��LHA=OA�?NA=PA�PDA�BKH@AN�O	�=J@�KN�OQ>
BKH@AN�O	�=O

=LLNKLNE=PA�

������������BJA?B47�G;8�%45�!<?8�F�

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$KSJHK=@�=J@�OPKNA�PDA�BKHHKSEJC�\HA�O	�PK�UKQN�OPKN=CA�@ARE?A�EJ�PDA�=LLNKLNE=PA

BKH@AN�O	�

� Lab_13_Pseudocode(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5707/med
ia/Lab_13_Pseudocode.txt)

������������8G4<?87�%45�QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

1A=@�=J@�BKHHKS�PDA�@ENA?PEKJO�>AHKS�?=NABQHHU��=J@�LANBKNI�PDA�OPALO�EJ�PDA�KN@AN

HEOPA@�

�� 2AA�PDA�HA�=P��DPPL���?JT�KNC�?KJPAJP�I������H=PAOP�@K<SDEHA<KS�CEB�
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[ #NA=PA�=�OKQN?A�?K@A�\HA�BNKI�PDA�+=>����/OAQ@K?K@A�PTP�\HA��-=IA�EP��+=>����?LL

[ "QEH@��?KILEHA�=J@�NQJ	�UKQN�LNKCN=I�

[ !BPAN�UKQ�D=RA�OQ??AOOBQHHU�SNEPPAJ�PDEO�LNKCN=I��EB�UKQ�=NA�P=GEJC�PDEO�?KQNOA�BKN

?KHHACA�?NA@EP��BKHHKS�PDA�EJOPNQ?PEKJO�BNKI�UKQN�LNKBAOOKN�EJOPNQ?PKN�BKN

OQ>IEPPEJC�EP�BKN�CN=@EJC�

���������)EB5?8@F

�����������)EB5?8@���4��QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

&HKS?D=NP�PDA�BKHHKSEJC�LOAQ@K?K@A�

 K4@C?8�������CF8H7B6B78

Do

Display "I like cheese cake!"

Display "Do it again? y or n ---> "

Get answer from keyboard

While answer is 'y'

���������+B?HG<BAF�GB� K8E6<F8F�<A��;4CG8E���

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+B?HG<BAF�GB�)E46G<68�����,8FG��9G8E�%BBCF

+B?HG<BA�GB� K8E6<F8�������

�AFJ8EF�

�� B=HOA

�� PNQA

�� B=HOA

�� B=HOA

�� B=HOA
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�;4CG8E����,8FG��89BE8�%BBCF

�����QA6E8@8AG�4A7��86E8@8AG�(C8E4GBEF

�������"8A8E4?��<F6HFF<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�E@A=�KB�EJ?NAIAJP�KN�@A?NAIAJP�EO�PK�AEPDAN�=@@�KN�OQ>PN=?P���BNKI�=�R=NE=>HA�PD=P

EO�QOQ=HHU�=?PEJC�=O�=�B=C��4OEJC�=�R=NE=>HA�J=IA@�?KQJPAN��EJ�CAJANE?�PANIO��BKN

AT=ILHA�

increment the counter

The concept is:

counter is assigned counter + l

3D=P�EO�UKQ�BAP?D�PDA�ATEOPEJC�R=HQA�KB�PDA�?KQJPAN�=J@�=@@�KJA�PDAJ�OPKNA�PDA�=JOSAN

>=?G�EJPK�PDA�R=NE=>HA�?KQJPAN��,=JU�LNKCN=IIEJC�H=JCQ=CAO�=HHKS�PDAEN�EJ?NAIAJP

=J@�@A?NAIAJP�KLAN=PKNO�PK�KJHU�>A�QOA@�SEPD�PDA�EJPACAN�@=P=�PULA��/NKCN=IIANO

SEHH�OKIAPEIAO�QOA�EJ?�=J@�@A?�=O�=>>NARE=PEKJO�BKN�EJ?NAIAJP�=J@�@A?NAIAJP

NAOLA?PERAHU�

.LAN=PKN�OUI>KHO�=J@�KN�J=IAO�R=NU�SEPD�@E_ANAJP�LNKCN=IIEJC�H=JCQ=CAO��3DA�#��

LNKCN=IIEJC�H=JCQ=CA�KLAN=PKNO�SEPD�PDAEN�IA=JEJCO�=NA�

C++ Operator Meaning

++ increment, two plus signs

- decrement, two minus signs

Table 14.1 C++ Operators and their meanings

��������		��B78� K4@C?8F

����������4F<6��BA68CG

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6EPDEJ�PDA�#���LNKCN=IIEJC�H=JCQ=CA�PDA�EJ?NAIAJP�=J@�@A?NAIAJP�=NA�KBPAJ�QOA@

EJ�PDEO�OEILHA�CAJANE?�S=U��3DA�KLAN=PKN�KB�EJ?NAIAJP�EO�NALNAOAJPA@�>U�PSK�LHQO�OECJO

EJ�=�NKS��%T=ILHAO�
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counter = counter + l;

counter += l;

counter++;

++counter;

!O�#���OP=PAIAJPO��PDA�BKQN�AT=ILHAO�=HH�@K�PDA�O=IA�PDEJC��3DAU�=@@���PK�PDA�R=HQA�KB

SD=PARAN�EO�OPKNA@�EJ�?KQJPAN��3DA�@A?NAIAJP�KLANA=PKN�EO�NALNAOAJPA@�>U�PSK�IEJQO

OECJO�EJ�=�NKS��3DAU�SKQH@�OQ>PN=?P���BNKI�PDA�R=HQA�KB�SD=PARAN�S=O�EJ�PDA�R=NE=>HA

>AEJC�@A?NAIAJPA@��3DA�LNA?A@AJ?A�KB�EJ?NAIAJP�=J@�@A?NAIAJP�@ALAJ@O�KJ�EB�PDA

KLAN=PKN�EO�=PP=?DA@�PK�PDA�NECDP�KB�PDA�KLAN=J@��LKOPBT	�KN�PK�PDA�HABP�KB�PDA�KLAN=J@

�LNABT	��6EPDEJ�#���LKOPBT�=J@�LNABT�@K�JKP�D=RA�PDA�O=IA�LNA?A@AJ?A�

���������)BFGNK�QA6E8@8AG

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

/KOP\T�EJ?NAIAJP�O=UO�PK�QOA�IU�ATEOPEJC�R=HQA�PDAJ�SDAJ�UKQ�=NA�@KJA�SEPD�PDA

KPDAN�KLAN=PKNO��EJ?NAIAJP�IA��!J�AT=ILHA�

int oldest = 44; // variable set up with initialization

then later on in the code

age = oldest++;

3DA�\NOP�QOA�KB�PDA�KH@AOP�R=NE=>HA�EO�=J�1R=HQA�?KJPATP�SDANA�PDA�ATEOPEJC�R=HQA�KB���

EO�LQHHA@�KN�BAP?DA@�=J@�PDAJ�=OOECJA@�PK�PDA�R=NE=>HA�=CA��PDAJ�PDA�R=NE=>HA�KH@AOP�EO

EJ?NAIAJPA@�SEPD�EPO�R=HQA�?D=JCEJC�BNKI����PK�����3DEO�OAAIO�PK�>A�=�REKH=PEKJ�KB

LNA?A@AJ?A�>A?=QOA�EJ?NAIAJP�EO�DECDAN�LNA?A@AJ?A�PD=J�=OOECJIAJP��"QP�PD=P�EO�DKS

LKOP\T�EJ?NAIAJP�SKNGO�SEPDEJ�PDA�#���LNKCN=IIEJC�H=JCQ=CA�

���������)E8NK�QA6E8@8AG

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

/NA\T�EJ?NAIAJP�O=UO�PK�EJ?NAIAJP�IA�JKS�=J@�QOA�IU�JAS�R=HQA�EJ�=JU�?=H?QH=PEKJ�

!J�AT=ILHA�

int oldest = 44; // variable set up with initialization

then later on in the code

age = ++oldest;

3DA�R=NE=>HA�KH@AOP�EO�EJ?NAIAJPA@�SEPD�PDA�JAS�R=HQA�?D=JCEJC�EP�BNKI����PK�����PDAJ

PDA�JAS�R=HQA�EO�=OOECJA@�PK�=CA�

`J�LKOP\T�=CA�EO�=OOECJA@����EJ�LNA\T�=CA�EO�=OOECJA@�����.JA�S=U�PK�DAHL�NAIAI>AN

PDA�@E_ANAJ?A�EO�PK�PDEJG�KB�LKOP\T�=O�>AEJC�LKHEPA��QOA�IU�ATEOPEJC�R=HQA�=J@�NAPQNJ�PK
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EJ?NAIAJP�IA�=BPAN�PDA�KPDAN�KLAN=PKNO�=NA�@KJA	�SDANA�=O�LNA\T�D=O�=J�ACK��`�=I

EILKNP=JP�OK�EJ?NAIAJP�IA�\NOP�=J@�QOA�IU�JAS�R=HQA�BKN�PDA�NAOP�KB�PDA�AR=HQ=PEKJO	�

����������??BJ45?8��4G4�,LC8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6EPDEJ�OKIA�LNKCN=IIEJC�H=JCQ=CAO��EJ?NAIAJP�=J@�@A?NAIAJP�?=J�>A�QOA@�KJHU�KJ

PDA�EJPACAN�@=P=�PULA��#���DKSARAN��ATL=J@O�PDEO�JKP�KJHU�PK�=HH�KB�PDA�EJPACAN�B=IEHU

>QP�=HOK�PK�PDA�]K=PEJC
LKEJP�B=IEHU��]K=P�=J@�@KQ>HA	��`J?NAIAJPEJC������SEHH�?D=JCA

PDA�R=HQA�PK�������$A?NAIAJPEJC��#��SEHH�?D=JCA�PDA�R=HQA�PK��"���1AIAI>AN�PDA�!2#``

?D=N=?PAN�R=HQAO�=NA�NA=HHU�KJA�>UPA�QJOECJA@�EJPACANO��@KI=EJ�BNKI���PK����	�

��������� K8E6<F8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

 K8E6<F8�������

 I4?H4G8�G;8�9B??BJ<A:�<G8@F�HF<A:�<A6E8@8AG�BE�786E8@8AG�

�� 3NQA�KN�B=HOA��T���T����=J@�T����=J@�T���=HH�=??KILHEOD�EJ?NAIAJP�

�� 'ERAJ��EJP�U�������=J@�EJP�V��SD=P�R=HQAO�SEHH�U�=J@�V�D=RA�=BPAN��V���U��

�� 'ERAJ��@KQ>HA�T���������=J@�EJP�U��SD=P�R=HQAO�SEHH�T�=J@�U�D=RA�=BPAN��U�����T�

�� `O�PDEO�KG��6DU�KN�SDU�JKP����
����=CA�
�	

��������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������<A6E8@8AG

!@@EJC�KJA�PK�PDA�R=HQA�KB�=�R=NE=>HA�

�8NA<G<BA�������786E8@8AG

2Q>PN=?PEJC�KJA�BNKI�PDA�R=HQA�KB�=�R=NE=>HA�

�8NA<G<BA�������CBFGNK

/H=?EJC�PDA�EJ?NAIAJP�KN�@A?NAIAJP�KLAN=PKN�PK�PDA�NECDP�KB�PDA�KLAN=J@�

�8NA<G<BA�������CE8NK

/H=?EJC�PDA�EJ?NAIAJP�KN�@A?NAIAJP�KLAN=PKN�PK�PDA�HABP�KB�PDA�KLAN=J@�
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�����/;<?8�%BBC

�������QAGEB7H6G<BA�GB�,8FG��89BE8�%BBCF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DANA�=NA�PSK�?KIIKJHU�QOA@�PAOP�>ABKNA�HKKLO�EJ�PDA�EPAN=PEKJ��KN�NALAPEPEKJ	

?=PACKNU�KB�?KJPNKH�OPNQ?PQNAO��3DAU�=NA��SDEHA�=J@�BKN��3DEO�IK@QHA�?KRANO�PDA��SDEHA�

���������-A78EFG4A7<A:�QG8E4G<BA�<A�"8A8E4?��J;<?8

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�?KJ?ALP�KB�EPAN=PEKJ�EO�?KJJA?PA@�PK�LKOOE>HU�S=JPEJC�PK�NALA=P�=J�=?PEKJ��+EGA�=HH

?KJPNKH�OPNQ?PQNAO�SA�=OG�=�MQAOPEKJ�PK�?KJPNKH�PDA�ATA?QPEKJ�KB�PDA�HKKL��3DA�PANI

HKKL�?KIAO�BNKI�PDA�?EN?QH=N�HKKLEJC�IKPEKJ�PD=P�K??QNO�SDAJ�QOEJC�BKS?D=NPEJC��3DA

>=OE?�BKNI�KB�PDA�SDEHA�HKKL�EO�=O�BKHHKSO�

initialization of the flag

while the answer to the question is true then do

some statements or action

some statements or action

some statements or action

update the flag

`J�=HIKOP�=HH�H=JCQ=CAO�PDA�MQAOPEKJ��?=HHA@�=G8FG�8KCE8FF<BA	�EO�=�BB?84A

8KCE8FF<BA��3DA�"KKHA=J�@=P=�PULA�D=O�PSK�R=HQAO�PNQA�=J@�B=HOA��+AP�O�NASNEPA�PDA

OPNQ?PQNA�PK�?KJOE@AN�PDEO�

initialization of the flag

while the expression is true then do

some statements or action

some statements or action

some statements or action

update the flag

6EPDEJ�PDA�SDEHA�?KJPNKH�OPNQ?PQNA�PDANA�=NA�BKQN�=PPNE>QPAO�PK�=�LNKLANHU�SKNGEJC�HKKL�

3DAU�=NA�

[ `JEPE=HEVEJC�PDA�B=C

[ 3AOP�ATLNAOOEKJ

[ !?PEKJ�KN�=?PEKJO

[ 4L@=PA�KB�PDA�B=C
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3DA�EJEPE=HEV=PEKJ�KB�PDA�B=C�EO�JKP�PA?DJE?=HHU�L=NP�KB�PDA�?KJPNKH�OPNQ?PQNA��>QP�=

JA?AOO=NU�EPAI�PK�K??QN�>ABKNA�PDA�HKKL�EO�OP=NPA@��3DA�%JCHEOD�LDN=OEJC�EO���6DEHA�PDA

ATLNAOOEKJ�EO�PNQA��@K�PDA�BKHHKSEJC�=?PEKJO���3DEO�EO�HKKLEJC�KJ�PDA�PNQA��6DAJ�PDA�PAOP

ATLNAOOEKJ�EO�B=HOA��UKQ�OPKL�PDA�HKKL�=J@�CK�KJ�SEPD�PDA�JATP�EPAI�EJ�PDA�LNKCN=I�

-KPE?A��>A?=QOA�PDEO�EO�=�PAOP�>ABKNA�HKKL�PDA�=?PEKJ@<:;G�ABG�;4CC8A��`P�EO�?=HHA@�=

G8FG�589BE8�?BBC>A?=QOA�PDA�PAOP�?KIAO�>ABKNA�PDA�=?PEKJ��`P�EO�=HOK�OKIAPEIAO�?=HHA@

=�LNA
PAOP�HKKL��IA=JEJC�PDA�PAOP�EO�LNA��KN�+=PEJ�BKN�>ABKNA	�PDA�=?PEKJ�=J@�QL@=PA�

���������#H@4A� K4@C?8�B9�G;8�J;<?8�%BBC

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

#KJOE@AN�PDA�BKHHKSEJC�KJA
S=U�?KJRANO=PEKJ�BNKI�=�IKPDAN�PK�DAN�?DEH@�

#DEH@��3DA�?DEH@�O=UO�JKPDEJC��>QP�IKPDAN�GJKSO�PDA�?DEH@�D=@�#DAANEKO�BKN�>NA=GB=OP

=J@�DEOPKNU�PAHHO�QO�PD=P�PDA�?DEH@�IKOP�HEGAHU�OLEHHA@�OKIA�#DAANEKO�KJ�PDA�BKKN�

,KPDAN�O=UO���6DEHA�EP�EO�PNQA�PD=P�UKQ�OAA��!O�HKJC�=O�UKQ�?=J�OAA	�=�#DAANEK�KJ�BKKN�

LE?G�EP�QL�=J@�LQP�EP�EJ�PDA�C=N>=CA��

-KPA��!HH�KB�PDA�AHAIAJPO�=NA�LNAOAJP�PK�@APANIEJA�PDA�=?PEKJ��KN�BKS	�PD=P�PDA�?DEH@

SEHH�>A�@KEJC��EJ�PDEO�?=OA�NALA=PEJC	��"A?=QOA�PDA�MQAOPEKJ��?=J�UKQ�OAA�=�#DAANEKO	

D=O�KJHU�PSK�LKOOE>HA�=JOSANO��PNQA�KN�B=HOA	�PDA�=?PEKJ�SEHH�?KJPEJQA�SDEHA�PDANA�=NA

#DAANEKO�KJ�PDA�BKKN��%EPDAN�PDA�?DEH@��	�JARAN�LE?GO�QL�=�#DAANEK�>A?=QOA�PDAU�JARAN

OLEHHA@�=JU�KN��	�LE?GO�QL�=�#DAANEK�=J@�GAALO�LE?GEJC�QL�#DAANEKO�KJA�=P�=�PEIA�SDEHA

DA�?=J�OAA�=�#DAANEK�KJ�PDA�BKKN��PD=P�EO�QJPEH�PDAU�=NA�=HH�LE?GA@�QL	�

�������,;8�J;<?8�+GEH6GHE8�J<G;<A��		

���������+LAG4K

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�OUJP=T�BKN�PDA�SDEHA�?KJPNKH�OPNQ?PQNA�SEPDEJ�PDA�#���LNKCN=IIEJC�H=JCQ=CA�EO�

statement;     // This statement initializes the flag;

while (expression)

{

statement;

statement;

statement;

statement;   // This statement updates the flag;

}

Note: The test expression is within the parentheses, but this is not a function

call. The parentheses are part of the control structu re. Additionally, there is

not a semicolon after the parenthesis following the expression.
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����������A� K4@C?8

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

 K4@C?8��������		�FBHE68�6B78��J;<?8

loop response = 'y';

while (loop response == 'y')

{

cout Ç "\nWhat is your age? ";

cin È age user;

cout Ç "\nWhat is your friend's age? ";

cin  _ age_friend;

cout  _ "nnTogether your ages add up to: ";

cout  _ (age_user + age_friend);

cout  _ "nnDo you want to do it again? y or n ";

cin  _ loop_response;

}

3DA�BKQN�=PPNE>QPAO�KB�=�PAOP�>ABKNA�HKKL�=NA�LNAOAJP��3DA�EJEPE=HEV=PEKJ�KB�PDA�]=C��3DA

PAOP�EO�PDA�AMQ=HEPU�NAH=PEKJ=H�?KIL=NEOKJ�KB�PDA�R=HQA�EJ�PDA�]=C�R=NE=>HA�PK�PDA�HKSAN

?=OA�?D=N=?PAN�KB�U��3DA�=?PEKJ�L=NP�?KJOEOPO�KB�PDA���HEJAO�PD=P�LNKILP�BKN�@=P=�=J@

PDAJ�@EOLH=UO�PDA�PKP=H�KB�PDA�PSK�=CAO��3DA�QL@=PA�KB�PDA�]=C�EO�PDA�@EOLH=UEJC�PDA

MQAOPEKJ�=J@�CAPPEJC�PDA�=JOSAN�BKN�PDA�R=NE=>HA�HKKL�NAOLKJOA�

3DEO�PULA�KB�HKKL�?KJPNKH�EO�?=HHA@�=J�ARAJP�?KJPNKHHA@�HKKL��3DA�]=C�QL@=PEJC�EO�=J

ARAJP�SDANA�OKIAKJA�@A?E@AO�EB�PDAU�S=JP�PDA�HKKL�PK�ATA?QPA�=C=EJ�

4OEJC�EJ@AJP=PEKJ�SEPD�PDA�=HECJIAJP�KB�PDA�HKKL�=?PEKJO�=J@�]=C�QL@=PA�EO�JKNI=H

EJ@QOPNU�LN=?PE?A�SEPDEJ�PDA�#���?KIIQJEPU�

���������QANA<G8�%BBCF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

!P�PDEO�LKEJP�EP�O�SKNPD�IAJPEKJEJC�PD=P�CKK@�LNKCN=IIEJC�=HS=UO�LNKRE@AO�BKN�=

IAPDK@�PK�EJOQNA�PD=P�PDA�HKKL�MQAOPEKJ�SEHH�ARAJPQ=HHU�>A�B=HOA�OK�PD=P�PDA�HKKL�SEHH

OPKL�ATA?QPEJC�=J@�PDA�LNKCN=I�?KJPEJQAO�SEPD�PDA�JATP�HEJA�KB�?K@A��(KSARAN��EB�PDEO

@KAO�JKP�D=LLAJ�PDAJ�PDA�LNKCN=I�EO�EJ�=J�`J\JEPA�HKKL��`J\JEPA�HKKLO�=NA�=�>=@�PDEJC�

#KJOE@AN�PDA�BKHHKSEJC�?K@A�

 K4@C?8��������		�FBHE68�6B78��QANA<G8�?BBC

loop response = 'y';

while (loop response == 'y')
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{

cout Ç "\nWhat is your age? ";

cin È age user;

cout Ç "\nWhat is your friend's age? ";

cin È age friend;

cout È "\nTogether your ages add up to: ";

cout È (age user + age friend);

}

3DA�LNKCN=IIAN�=OOECJA@�=�R=HQA�PK�PDA�B=C�>ABKNA�PDA�HKKL�SDE?D�EO�?KNNA?P�

(KSARAN��DA�BKNCKP�PK�QL@=PA�PDA�B=C��%RANU�PEIA�PDA�PAOP�ATLNAOOEKJ�EO�=OGA@�EP�SEHH

=HS=UO�>A�PNQA��3DQO��=J�`J\JEPA�HKKL�>A?=QOA�PDA�LNKCN=IIAN�@E@�JKP�LNKRE@A�=�S=U

PK�ATEP�PDA�HKKL��DA�BKNCKP�PK�QL@=PA�PDA�B=C	��#KJOE@AN�PDA�BKHHKSEJC�?K@A�

 K4@C?8��������		�FBHE68�6B78� QANA<G8?BBC

loop response = 'y'; while (loop response = 'y')

{

cout << "\nWhat is your age? ";

cin >> age user;

cout << "\nWhat is your friend's age? ";

cin >> age_friend;

cout >> "nnTogether your ages add up to: ";

cout >> (age_user + age_friend);

cout << "nnDo you want to do it again? y or n ";

cin >> loop_response;

}

-K�I=PPAN�SD=P�PDA�QOAN�NALHEAO�@QNEJC�PDA�B=C�QL@=PA��PDA�PAOP�ATLNAOOEKJ�@KAO�JKP

@K�=�NAH=PEKJ=H�?KIL=NEOKJ�>QP�@KAO�=J�=OOECJIAJP��`P�=OOECJO��U��PK�PDA�R=NE=>HA�=J@

=OGO�EB��U��EO�PNQA��2EJ?A�=HH�JKJ
VANK�R=HQAO�=NA�PNA=PA@�=O�NALNAOAJPEJC�PNQA�SEPDEJ�PDA

"KKHA=J�?KJ?ALPO�KB�PDA�#���LNKCN=IIEJC�H=JCQ=CA��PDA�=JOSAN�PK�PDA�PAOP

ATLNAOOEKJ�EO�PNQA��5EKH=��UKQ�D=RA�=J�`J\JEPA�HKKL�

 K4@C?8��������		�FBHE68�6B78� QANA<G8?BBC

loop response = 'y';

while (loop response == 'y');

{

cout << "\nWhat is your age? ";

cin >> age user;

cout << "\nWhat is your friend's age? ";

cin >> age friend;

cout >> "\nTogether your ages add up to: ";
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cout >> (age user + age friend);

cout << "\nDo you want to do it again? y or n ";

cin >> loop response;

}

3DA�QJ@AOEN=>HA�OAIE
?KHKJ�KJ�PDA�AJ@�KB�SDEHA�HEJA�?=QOAO�PDA�=?PEKJ�KB�PDA�SDEHA

HKKL�PK�>A�PDA��JKPDEJCJAOO��>APSAAJ�PDA�?HKOEJC�L=NAJPDAOEO�=J@�PDA�OAIE
?KHKJ��3DA

LNKCN=I�SEHH�EJBJEPAHU�HKKL�>A?=QOA�PDANA�EO�JK�=?PEKJ��PD=P�EO�JK�=?PEKJ�=J@�JK

QL@=PA	��`B�PDEO�EO�PDA�\NOP�EPAI�EJ�UKQN�LNKCN=I�EP�SEHH�=LLA=N�PK�OP=NP�>QP�PDANA�SEHH�>A

JK�KQPLQP�

��������BHAG<A:�%BBCF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�AT=ILHAO�=>KRA�=NA�BKN�=J�ARAJP�?KJPNKHHA@�HKKL��3DA�]=C�QL@=PEJC�EO�=J�ARAJP

SDANA�OKIAKJA�@A?E@AO�EB�PDAU�S=JP�PDA�HKKL�PK�ATA?QPA�=C=EJ��.BPAJ�PDA�EJEPE=HEV=PEKJ

OAPO�PDA�B=C�OK�PD=P�PDA�HKKL�SEHH�ATA?QPA�=P�HA=OP�KJ?A�

!JKPDAN�?KIIKJ�QO=CA�KB�PDA�SDEHA�HKKL�EO�=O�=�?KQJPEJC�HKKL��#KJOE@AN�

 K4@C?8��������		�FBHE68�6B78��J;<?8�?BBC�G;4G�<F�6BHAG<A:

counter = 0;

while (counter  <  5)

{

cout Ç "\nI love ice cream!";

counter++;

}

3DA�R=NE=>HA�?KQJPAN�EO�O=E@�PK�>A�?KJPNKHHEJC�PDA�HKKL��`P�EO�OAP�PK�VANK��?=HHA@

EJEPE=HEV=PEKJ	�>ABKNA�AJPANEJC�PDA�SDEHA�HKKL�OPNQ?PQNA�=J@�=O�HKJC�=O�EP�EO�HAOO�PD=J��

�\RA	��PDA�HKKL�=?PEKJ�SEHH�>A�ATA?QPA@��"QP�L=NP�KB�PDA�HKKL�=?PEKJ�QOAO�PDA�EJ?NAIAJP

KLAN=PKN�PK�EJ?NA=OA�?KQJPAN�O�R=HQA�>U�KJA��!BPAN�ATA?QPEJC�PDA�HKKL�\RA�PEIAO��KJ?A

BKN�?KQJPAN�O�R=HQAO�KB�������������=J@��	�PDA�ATLNAOOEKJ�SEHH�>A�B=HOA�=J@�PDA�JATP�HEJA�KB

?K@A�EJ�PDA�LNKCN=I�SEHH�ATA?QPA��!�?KQJPEJC�HKKL�EO�@AOECJA@�PK�ATA?QPA�PDA�=?PEKJ

�SDE?D�?KQH@�>A�IKNA�PD=J�KJA�OP=PAIAJP	�=�OAP�KB�CERAJ�JQI>AN�KB�PEIAO��`J�KQN

AT=ILHA��PDA�IAOO=CA�EO�@EOLH=UA@�\RA�PEIAO�KJ�PDA�IKJEPKN��`P�EO�=??KILHEODA@�IU

I=GEJC�OQNA�=HH�BKQN�=PPNE>QPAO�KB�PDA�SDEHA�?KJPNKH�OPNQ?PQNA�=NA�LNAOAJP�=J@�SKNGEJC

LNKLANHU��3DA�=PPNE>QPAO�=NA�

[ `JEPE=HEVEJC�PDA�B=C

[ 3AOP�ATLNAOOEKJ

[ !?PEKJ�KN�=?PEKJO

[ 4L@=PA�KB�PDA�B=C
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,EOOEJC�=J�=PPNE>QPA�IECDP�?=QOA�=J�`J\JEPA�HKKL�KN�CERA�QJ@AOENA@�NAOQHPO��@KAO�JKP

SKNG�LNKLANHU	�

���������QANA<G8�%BBCF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

#KJOE@AN�

 K4@C?8��������		�FBHE68�6B78� QANA<G8?BBC

counter = 0;

while (counter < 5)

{

cout Ç "\nI love ice cream!";

}

,EOOEJC�PDA�]=C�QL@=PA�QOQ=HHU�?=QOAO�=J�`J\JEPA�HKKL�

���������.4E<4G<BAF�BA��BHAG<A:

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

`J�PDA�BKHHKSEJC�AT=ILHA��PDA�EJPACAN�R=NE=>HA�=CA�EO�O=E@�PK�>A�?KJPNKHHEJC�PDA�HKKL

�PD=P�EO�PDA�]=C	��6A�?=J�=OOQIA�PD=P�=CA�D=O�=�R=HQA�LNKRE@A@�A=NHEAN�EJ�PDA�LNKCN=I�

"A?=QOA�PDA�SDEHA�OPNQ?PQNA�EO�=�PAOP�>ABKNA�HKKL��EP�EO�LKOOE>HA�PD=P�PDA�LANOKJ�O�=CA�EO

���VANK	�=J@�PDA�\NOP�PEIA�SA�PAOP�PDA�ATLNAOOEKJ�EP�SEHH�>A�B=HOA�=J@�PDA�=?PEKJ�L=NP�KB

PDA�HKKL�SKQH@�JARAN�>A�ATA?QPA@�

 K4@C?8��������		�FBHE68�6B78��J;<?8�4F�4�6BHAG<A:�?BBC

while (0 < age)

{

cout Ç "\nI love candy!";

age--;

}

#KJOE@AN�PDA�BKHHKSEJC�R=NE=PEKJ�=OOQIEJC�PD=P�=CA�=J@�?KQJPAN�=NA�>KPD�EJPACAN�@=P=

PULA�=J@�PD=P�=CA�D=O�=�R=HQA�

 K4@C?8��������		�FBHE68�6B78��J;<?8�4F�4�6BHAG<A:�?BBC

counter = 0;

while (counter  <  age)

{

cout Ç "\nI love corn chips!";
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counter++;

}

3DEO�HKKL�EO�=�?KQJPEJC�HKKL�OEIEH=N�PK�KQN�\NOP�?KQJPEJC�HKKL�AT=ILHA��3DA�KJHU

@EBANAJ?A�EO�EJOPA=@�KB�QOEJC�=�HEPAN=H�?KJOP=JP��EJ�KPDAN�SKN@O��	�EJ�KQN�ATLNAOOEKJ��SA

QOA@�PDA�R=NE=>HA�=CA��=J@�PDQO�PDA�R=HQA�OPKNA@�EJ�=CA	�PK�@APANIEJA�DKS�I=JU�PEIAO

PK�ATA?QPA�PDA�HKKL��(KSARAN��QJHEGA�KQN�\NOP�?KQJPEJC�HKKL�AT=ILHA�SDE?D�SEHH�=HS=UO

ATA?QPA�AT=?PHU���PEIAO��EP�EO�LKOOE>HA�PD=P�PDA�LANOKJ�O�=CA�EO����VANK	�=J@�PDA�\NOP�PEIA

SA�PAOP�PDA�ATLNAOOEKJ�EP�SEHH�>A�B=HOA�=J@�PDA�=?PEKJ�L=NP�KB�PDA�HKKL�SKQH@�JARAN�>A

ATA?QPA@�

��������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������J;<?8

!�PAOP�>ABKNA�EPAN=PEKJ�?KJPNKH�OPNQ?PQNA�=R=EH=>HA�EJ�#���

�8NA<G<BA�������?BBC�4GGE<5HG8F

`PAIO�=OOK?E=PA@�SEPD�EPAN=PEKJ�KN�HKKLEJC�?KJPNKH�OPNQ?PQNAO�

�8NA<G<BA�������<A<G<4?<M8�<G8@

!J�=PPNE>QPA�KB�EPAN=PEKJ�?KJPNKH�OPNQ?PQNAO�

�8NA<G<BA�������@<:;G�ABG�;4CC8A

`J@E?=PEJC�PD=P�PAOP�>ABKNA�HKKLO�IECDP�JKP�ATA?QPA�PDA�=?PEKJ�

�8NA<G<BA�������8I8AG�6BAGEB??87

4OEJC�QOAN�EJLQP�PK�?KJPNKH�=�HKKL�

�8NA<G<BA��������6BHAG<A:�6BAGEB??87

4OEJC�=�R=NE=>HA�PK�?KQJP�QL�KN�@KSJ�PK�?KJPNKH�=�HKKL�

�����)E46G<68�����,8FG��89BE8�%BBCF

�������%84EA<A:�(5=86G<I8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6EPD������=??QN=?U�@QNEJC�=��IAIKNU�>QEH@EJC�=?PEREPU��ATAN?EOAO��H=>�=OOECJIAJP�

LNK>HAIO��KN�PEIA@�MQEV�AT=I��PDA�OPQ@AJP�EO�ATLA?PA@�PK�

�� $A\JA�PDA�PANIO�KJ�PDA�@A\JEPEKJO�=O�HEOPA@�EJ�PDA�IK@QHAO�=OOK?E=PA@�SEPD�PDEO

?D=LPAN�

�� `@AJPEBU�SDE?D�OAHA?PEKJ�?KJPNKH�OPNQ?PQNAO�=NA�PAOP�>ABKNA�EPAN=PEKJ�
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�� "A�=>HA�PK�SNEPA�LOAQ@K�?K@A�KN�BKS?D=NPEJC�BKN�PDA�SDEHA�?KJPNKH�OPNQ?PQNA�

�� "A�=>HA�PK�SNEPA�#���OKQN?A�?K@A�BKN�PDA�SDEHA�?KJPNKH�OPNQ?PQNA�

�������&8@BEL��H<?7<A:��6G<I<G<8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

,"!���

����

2AA�PDA�\HA�=P��DPPL���?JT�KNC�?KJPAJP�I������H=PAOP�EJ@AT�DPIH�

����

������� K8E6<F8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

 K8E6<F8�������

 I4?H4G8�G;8�9B??BJ<A:�<G8@F�HF<A:�<A6E8@8AG�BE�786E8@8AG�

�� 3NQA�KN�B=HOA�x = x-l��=J@x -= l��=J@�T
��=J@�
T��=HH�=??KILHEOD�@A?NAIAJP�

�� 'ERAJ� int y = 26��=J@int z��SD=P�R=HQAO�SEHHy =J@z D=RA�=BPAN�z = y++�

�� 'ERAJ� double x = 4.44��=J@�EJPy��SD=P�R=HQAO�SEHHx =J@y D=RA�=BPAN�y = -x�

�� !O�=J�ATLNAOOEKJ�l0 / ++(money * 4) `O�PDEO�KG��6DU�KN�SDU�JKP�

�������&<F68??4A8BHF�QG8@F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+EJG�PK��!JEI=PA@�CEB�ODKSEJC�=�SDEHA�HKKL�

�������%45��FF<:A@8AG

����������E84G<A:�4�!B?78E�BE�+H5�!B?78E�9BE��;4CG8E����!<?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$ALAJ@EJC�KJ�UKQN�?KILEHAN�`$%��UKQ�ODKQH@�@A?E@A�SDANA�PK�@KSJHK=@�=J@�OPKNA

OKQN?A�?K@A�\HAO�BKN�LNK?AOOEJC��/NQ@AJ?A�@E?P=PAO�PD=P�UKQ�?NA=PA�PDAOA�BKH@ANO�=O

JAA@A@�LNEKN�PK�@KSJHK=@EJC�OKQN?A�?K@A�\HAO��!�OQCCAOPA@�OQ>
BKH@AN�BKN�PDA

�?BB7F;87��8I��		���6B@C<?8E
Q� IECDP�>A�J=IA@�

[ #D=LPAN<���SEPDEJ�PDA�BKH@AN�J=IA@��#LL<2KQN?A<#K@A<&EHAO

�� 2AA�PDA�HA�=P��DPPL���?JT�KNC�?KJPAJP�I������H=PAOP�SDEHA<KS�CEB�
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`B�UKQ�D=RA�JKP�@KJA�OK��LHA=OA�?NA=PA�PDA�BKH@AN�O	�=J@�KN�OQ>
BKH@AN�O	�=O

=LLNKLNE=PA�

����������BJA?B47�G;8�%45�!<?8�F�

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$KSJHK=@�=J@�OPKNA�PDA�BKHHKSEJC�\HA�O	�PK�UKQN�OPKN=CA�@ARE?A�EJ�PDA�=LLNKLNE=PA

BKH@AN�O	�

� Lab_14_Pseudocode(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5741/med
ia/Lab_14_Pseudocode.txt)

����������8G4<?87�%45�QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

1A=@�=J@�BKHHKS�PDA�@ENA?PEKJO�>AHKS�?=NABQHHU��=J@�LANBKNI�PDA�OPALO�EJ�PDA�KN@AN

HEOPA@�

[ #NA=PA�=�OKQN?A�?K@A�\HA�BNKI�PDA�+=><��</OAQ@K?K@A�PTP�\HA��-=IA�EP��+=>

���?LL

[ "QEH@��?KILEHA�=J@�NQJ	�UKQN�LNKCN=I�

[ !BPAN�UKQ�D=RA�OQ??AOOBQHHU�SNEPPAJ�PDEO�LNKCN=I��EB�UKQ�=NA�P=GEJC�PDEO�?KQNOA�BKN

?KHHACA�?NA@EP��BKHHKS�PDA�EJOPNQ?PEKJO�BNKI�UKQN�LNKBAOOKN�EJOPNQ?PKN�BKN

OQ>IEPPEJC�EP�BKN�CN=@EJC�

�������)EB5?8@F

���������)EB5?8@���4��QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

&HKS?D=NP�PDA�BKHHKSEJC�LOAQ@K?K@A�

 K4@C?8�������CF8H7B6B78

Assign counter a value of zero

While counter is less than 5

Display "I love cookies!"

Increment counter

Endwhile
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�������+B?HG<BAF�GB� K8E6<F8F�<A��;4CG8E����

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+B?HG<BA�GB� K8E6<F8�������

�AFJ8EF�

�� PNQA

�� U�EO�����=J@�V�EO����

�� T�EO�������=J@�U�EO����-KPA��PNQJ?=PEKJ�KB������PK���QLKJ�@AIKPEKJ�

�� -KP�KG��%NNKN��PDA�EPAI�EJ?NAIAJPA@�IQOP�D=RA�+R=HQA�=PPNE>QPAO��QOQ=HHU�=

R=NE=>HA��`P�EO�=J�ATLNAOOEKJ�JKP�=�R=NE=>HA�

+B?HG<BAF�GB�)E46G<68�����,8FG��89BE8�%BBCF

+B?HG<BA�GB� K8E6<F8�������

�AFJ8EF�

�� PNQA

�� U�EO�����=J@�V�EO����

�� T�EO�������=J@�U�EO����-KPA��PNQJ?=PEKJ�KB������PK���QLKJ�@AIKPEKJ�PK�EJPACAN�@=P=

PULA�

�� -KP�KG��%NNKN��PDA�EPAI�EJ?NAIAJPA@�IQOP�D=RA�+R=HQA�=PPNE>QPAO��QOQ=HHU�=

R=NE=>HA��"A?=QOA�KB�PDA�L=NAJPDAOAO��EP�EO�=J�ATLNAOOEKJ�JKP�=�R=NE=>HA�
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�;4CG8E�����BHAG<A:�%BBCF

�����!BE�%BBC

�������QAGEB7H6G<BA�GB�,8FG��89BE8�%BBCF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DANA�=NA�PSK�?KIIKJHU�QOA@�PAOP�>ABKNA�HKKLO�EJ�PDA�EPAN=PEKJ��KN�NALAPEPEKJ	

?=PACKNU�KB�?KJPNKH�OPNQ?PQNAO��3DAU�=NA��SDEHA�=J@�BKN��3DEO�IK@QHA�?KRANO�PDA��BKN�

���������-A78EFG4A7<A:�QG8E4G<BA�<A�"8A8E4?���9BE

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

`J�IKOP�LNKCN=IIEJC�H=JCQ=CAO�PDA�BKN�HKKL�EO�QOA@�AT?HQOERAHU�BKN�?KQJPEJC��PD=P�EO�PK

NALA=P�=�HKKL�=?PEKJ�=O�EP�AEPDAN�?KQJPO�QL�KN�?KQJPO�@KSJ��3DANA�EO�=�OP=NPEJC�R=HQA

=J@�=�OPKLLEJC�R=HQA��3DA�MQAOPEKJ�PD=P�?KJPNKHO�PDA�HKKL�EO�=G8FG�8KCE8FF<BAPD=P

?KIL=NAO�PDA�OP=NPEJC�R=HQA�PK�PDA�OPKLLEJC�R=HQA��3DEO�ATLNAOOEKJ�EO�=�"KKHA=J

ATLNAOOEKJ�=J@�EO�QOQ=HHU�QOEJC�PDA�NAH=PEKJ=H�KLAN=PKNO�KB�AEPDAN�HAOO�PD=J��BKN

?KQJPEJC�QL	�KN�CNA=PAN�PD=J��BKN�?KQJPEJC�@KSJ	��3DA�PANI�HKKL�?KIAO�BNKI�PDA

?EN?QH=N�HKKLEJC�IKPEKJ�PD=P�K??QNO�SDAJ�QOEJC�BKS?D=NPEJC��3DA�>=OE?�BKNI�KB�PDA�BKN

HKKL��?KQJPEJC�QL	�EO�=O�BKHHKSO�

for

initialization of the starting value

starting value is less than the stopping value

some statements or action

some statements or action

some statements or action

increment the starting value

`P�IECDP�>A�>AOP�PK�QJ@ANOP=J@�PDA�BKN�HKKL�>U�QJ@ANOP=J@EJC�=�SDEHA�HKKL�=?PEJC�HEGA�=

?KQJPEJC�HKKL��+AP�O�?KJOE@AN�

initialization of the starting value

while the starting value is less than the stopping value

some statements or action

some statements or action

some statements or action

increment the starting value
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6EPDEJ�PDA�BKN�?KJPNKH�OPNQ?PQNA�PDANA�=NA�BKQN�=PPNE>QPAO�PK�=�LNKLANHU�SKNGEJC�HKKL�

3DAU�=NA�

[ `JEPE=HEVEJC�PDA�B=C�@KJA�KJ?A

[ 3AOP�ATLNAOOEKJ

[ !?PEKJ�KN�=?PEKJO

[ 4L@=PA�KB�PDA�]=C

3DA�EJEPE=HEV=PEKJ�KB�PDA�]=C�EO�JKP�PA?DJE?=HHU�L=NP�KB�PDA�SDEHA�?KJPNKH�OPNQ?PQNA��>QP�EP

EO�QOQ=HHU�L=NP�KB�PDA�BKN�?KJPNKH�OPNQ?PQNA��3DA�%JCHEOD�LDN=OEJC�EO���&KN�T�EO����T�HAOO

PD=J����@K�PDA�BKHHKSEJC�=?PEKJO��EJ?NAIAJP�T��HKKL�>=?G�PK�PDA�PAOP�ATLNAOOEKJ���3DEO�EO

@KEJC�PDA�=?PEKJ�KJ�PDA�PNQA��6DAJ�PDA�PAOP�ATLNAOOEKJ�EO�B=HOA��UKQ�OPKL�PDA�HKKL�=J@

CK�KJ�SEPD�PDA�JATP�EPAI�EJ�PDA�LNKCN=I��-KPE?A��>A?=QOA�PDEO�EO�=�PAOP�>ABKNA�HKKL�PDA

=?PEKJ@<:;G�ABG�;4CC8A��`P�EO�?=HHA@�=G8FG�589BE8�?BBC>A?=QOA�PDA�PAOP�?KIAO

>ABKNA�PDA�=?PEKJ��`P�EO�=HOK�OKIAPEIAO�?=HHA@�=�LNA
PAOP�HKKL��IA=JEJC�PDA�PAOP�EO�LNA

�KN�+=PEJ�BKN�>ABKNA	�PDA�=?PEKJ�=J@�QL@=PA�

�������,;8�9BE�+GEH6GHE8�J<G;<A��		

���������+LAG4K

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�OUJP=T�KB�PDA�BKN�HKKL�?KJPNKH�OPNQ?PQNA�SEPDEJ�PDA�#���LNKCN=IIEJC�H=JCQ=CA�EO�

for (initializations; expression; updates)

{

statement;

statement;

statement;

}

Note: The initializations, test expression and updates are within the

parentheses (each separated by a semi-colon), but this is not a function call.

The parentheses are part of the control structu re. Additionally, there is not a

semicolon after the parenthesis following the expression.

����������A� K4@C?8

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

 K4@C?8��������		�FBHE68�6B78��9BE

for (counter = 0; counter  <  5; counter++)

{
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cout << "\nI love ice cream!";

}

3DA�BKQN�=PPNE>QPAO�KB�=�PAOP�>ABKNA�HKKL��NAIAI>AN�PDA�BKN�HKKL�EO�KJA�AT=ILHA�KB�=

PAOP�>ABKNA�HKKL	�=NA�LNAOAJP�

[ 3DA�EJEPE=HEV=PEKJ�KB�PDA�B=C�PK�=�R=HQA�KB���

[ 3DA�PAOP�EO�PDA�HAOO�PD=J�NAH=PEKJ=H�?KIL=NEOKJ�KB�PDA�R=HQA�EJ�PDA�B=C�R=NE=>HA�PK

PDA�?KJOP=JP�R=HQA�KB���

[ 3DA�=?PEKJ�L=NP�?KJOEOPO�KB�PDA���HEJA�KB�KQPLQP�

[ 3DA�QL@=PA�KB�PDA�B=C�EO�@KJA�SEPD�PDA�EJ?NAIAJP�KLAN=PKN�

4OEJC�EJ@AJP=PEKJ�SEPD�PDA�=HECJIAJP�KB�PDA�HKKL�=?PEKJO�EO�JKNI=H�EJ@QOPNU�LN=?PE?A

SEPDEJ�PDA�#���?KIIQJEPU�

���������QANA<G8�%BBCF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

!P�PDEO�LKEJP�EP�O�SKNPD�IAJPEKJEJC�PD=P�CKK@�LNKCN=IIEJC�=HS=UO�LNKRE@AO�BKN�=

IAPDK@�PK�EJOQNA�PD=P�PDA�HKKL�MQAOPEKJ�SEHH�ARAJPQ=HHU�>A�B=HOA�OK�PD=P�PDA�HKKL�SEHH

OPKL�ATA?QPEJC�=J@�PDA�LNKCN=I�?KJPEJQAO�SEPD�PDA�JATP�HEJA�KB�?K@A��(KSARAN��EB�PDEO

@KAO�JKP�D=LLAJ�PDAJ�PDA�LNKCN=I�EO�EJ�=J�`J\JEPA�HKKL��`J\JEPA�HKKLO�=NA�=�>=@�PDEJC�

#KJOE@AN�PDA�BKHHKSEJC�?K@A�

 K4@C?8��������		�FBHE68�6B78��<ANA<G8�?BBC

for (counter = 0; counter  <  5;)

{

cout Ç "\nI love ice cream!";

}

3DA�LNKCN=IIAN�=OOECJA@�=�R=HQA�PK�PDA�]=C�@QNEJC�PDA�EJEPE=HEV=PEKJ�OPAL�SDE?D�EO

?KNNA?P��(KSARAN��DA�BKNCKP�PK�QL@=PA�PDA�]=C��PDA�QL@=PA�OPAL�EO�IEOOEJC	��%RANU�PEIA

PDA�PAOP�ATLNAOOEKJ�EO�=OGA@�EP�SEHH�=HS=UO�>A�PNQA��3DQO��=J�`J\JEPA�HKKL�>A?=QOA�PDA

LNKCN=IIAN�@E@�JKP�LNKRE@A�=�S=U�PK�ATEP�PDA�HKKL��DA�BKNCKP�PK�QL@=PA�PDA�]=C	�

���������&H?G<C?8�QG8@F�<A�G;8�QA<G<4?<M4G<BA�4A7�-C74G8

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�BKHHKSEJC�ODKSO�PDA�QOA�KB�PDA�OAMQAJ?A�KLAN=PKN�PK�OAL=N=PA�PDA�IQHPELHA

EJEPE=HEV=PEKJO�=J@�IQHPELHA�QL@=PAO��3DEO�EO�JKP�=R=EH=>HA�EJ�IKOP�H=JCQ=CAO��PDQO�EO

IKNA�QJEMQA�PK�PDA�#���LNKCN=IIEJC�H=JCQ=CA�

 K4@C?8��������		�FBHE68�6B78��9BE�J<G;�@H?G<C?8�<A<G<4?<M4G<BAF�4A7�HC74G8F
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for(x =0, y=l0; x  <  l0; x++, y--)

{

cout Ç  x*y Ç  endl;

}

��������BHAG<A:�%BBC��BAI8EF<BA��4�J;<?8�<AGB�4�9BE

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

"AHKS�EO�=�?KHKN�?K@A@�PDA�?KJRANOEKJ�KB�=�SDEHA�HKKL�PD=P�@EOLH=UO�=�IAOO=CA�AT=?PHU

PDNAA�PEIAO��SDE?D�EO�=�?KQJPEJC�HKKL	�EJPK�=�BKN�HKKL�QOEJC�#���LNKCN=IIEJC�H=JCQ=CA

OUJP=T��3DA�BKQN�HKKL�=PPNE>QPAO�=NA�?KHKN�DECDHECDPA@�=O�BKHHKSO�

!<:HE8����� �BHAG<A:�?BBC

�������&<F68??4A8BHF�QA9BE@4G<BA�45BHG�G;8�9BE�+GEH6GHE8

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

,=JU�H=JCQ=CAO��/=O?=H��&.131!-��=J@�KPDAN	�D=RA�=�BKN�HKKL�OPNQ?PQNA�PD=P�EO�QOA@

AT?HQOERAHU�BKN�?KQJPEJC��3DA�BKN�HKKL�EJ�PDA�#���LNKCN=IIEJC�H=JCQ=CA�EO�IQ?D�IKNA

RANO=PEHA�=J@�?=J�>A�QOA@��=J@�CAJAN=HHU�EO�QOA@	�EJ�LH=?A�KB�PDA�SDEHA�HKKL�OPNQ?PQNA�

`J�NA=HEPU�=�?KQJPEJC�HKKL�EO�FQOP�=�L=NPE?QH=N�QOA�KB�=�SDEHA�HKKL�

3DA�J=IA�BKN�?KIAO�BNKI�I=PDAI=PE?O��IAPDK@�KB�SNEPEJC�=J�EPAN=PEKJ��KN�NALAPEPEKJ	�

`J�I=PD�SA�SKQH@�O=U���&KN�PDA�R=NE=>HA�E�OP=NPO�=P�=�CERAJ�R=HQA�=J@�NALA=PO�=J�=?PEKJ
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EJ?NA=OEJC�PDA�R=HQA�KB�E�QJPEH�E�EO�ATA?QPA@�BKN�PDA�OPKLLEJC�R=HQA���4OQ=HHU�SNEPPAJ�EJ

I=PD�=O�

BKN�E�����PK���@K�OKIA�=?PEKJ

Note: here the means equals not assignment. Another way to say it is that i

varies from 1 to 5.

��������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������9BE

!�PAOP�>ABKNA�EPAN=PEKJ�?KJPNKH�OPNQ?PQNA�PULE?=HHU�QOA@�BKN�?KQJPEJC�

������<E6H?4E�'4GHE8�B9�G;8�QAG8:8E��4G4�,LC8�!4@<?L

�������"8A8E4?��<F6HFF<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DANA�=NA�PEIAO�SDAJ�?D=N=?PAN�=J@�EJPACAN�@=P=�PULAO�=NA�HQILA@�PKCAPDAN�>A?=QOA

PDAU�>KPD�=?P�PDA�O=IA��KBPAJ�?=HHA@�PDA�EJPACAN�B=IEHU	��,=U>A�SA�ODKQH@�O=U�PDAU�=?P

@E_ANAJPHU�PD=J�PDA�]K=PEJC
LKEJP�@=P=�PULAO��3DA�EJPACAN�B=IEHU�R=HQAO�FQIL�BNKI�KJA

R=HQA�PK�=JKPDAN��3DANA�EO�JKPDEJC�>APSAAJ���=J@���JKN�>APSAAJ��!��=J@��"���`P�?KQH@�>A

=OGA@�SDU�JKP�I=GA�=HH�UKQN�JQI>ANO�]K=PEJC
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for (int x = 0; x  <  l0; x--)

{

cout Ç  x Ç  endl;

}
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� Demo_Circular_Nature_Integer.cpp(http://www.opentextbooks.org.hk/system/files/resource/5/
5267/5763/media/Demo_Circular_Nature_Integer.cpp)
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cout.setf(ios::fixed);

cout.setf(ios::showpoint);

cout.precision(n);
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cout Ç  setw(4) Ç  age Ç  endl;

cout Ç  setw(8) Ç  money Ç  endl;
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EP�DKS�I=JU�LKOEPEKJO�PK�QOA�BKN�PDA�KQPLQP��3DA�EKI=JEL�DA=@AN�\HA��EIIA@E=PAHU

ODKSJ	�SEHH�JAA@�PK�>A�EJ?HQ@A@�EJ�UKQN�LNKCN=I�

#include<iomanip>  // needed for the setw
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� Demo_Formatting_Output.cpp(http://www.opentextbooks.org.hk/system/files/resource/5/5267/
5773/media/Demo_Formatting_Output.cpp)
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if expression

true action

else

false action
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if age is less than l8

you can't vote

if age is less than l6

you can't drive else you can drive

else

you can vote

if age is less than 2l

you can't drink

else

you can drink
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1 2 3 4 5 6 7 8 9 10 11 12

1! 1 2 3 4 5 6 7 8 9 10 11 12

2! 2 4 6 8 10 12 14 16 18 20 22 24

3! 3 6 9 12 15 18 21 24 27 30 33 36

4! 4 8 12 16 20 24 28 32 36 40 44 48

5! 5 10 15 20 25 30 35 40 45 50 55 60

7! 7 14 21 28 35 42 49 56 63 70 77 84

8! 8 16 24 32 40 48 56 64 72 80 88 95

9! 9 18 27 36 54 63 72 81 90 99 108 117

10! 10 20 30 40 50 60 70 80 90 100 110 120

11! 11 22 33 44 55 66 77 88 99 110 121 132

12! 12 24 36 48 60 72 84 96 108 120 132 144

6A�IECDP�=HOK�OAA�PD=P�PDA�=JOSANO�?KQH@�>A�@AOECJA@�=O�=�?KHHA?PEKJ�KB�?AHHO��A=?D�?AHH

>AEJC�AT=?PHU�OET�OL=?AO�SE@A	��3DA�#���OKQN?A�?K@A�PK�LNK@Q?A�PDA�=>KRA�EO�

 K4@C?8��������		�FBHE68�6B78��A8FG87�9BE�?BBCF��@H?G<C?<64G<BA�G45?8

cout << " ";

for(across=1; across <13; across++)

{

cout << setw(4) << across << " |";

}

cout << endl;

cout << " ";

for(across=1; across <13; across++)

{

cout << "------";

}

cout << endl;
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for(down=1; down <13; down++)

{

cout << setw(4) << down << " !";

for(across=1; across <13; across++)

{

cout << setw(4) << down*across << " |";

}

cout << endl;

}

!<:HE8����� �B?BE<M87��B78���@H?G<C?<64G<BA�G45?8
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� Demo_Nested_For_Loops(http://www.opentextbooks.org.hk/system/files/resource/5/5267/578
1/media/Demo_Nested_For_Loops.cpp)
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� Lab�15a.cpp(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5790/media/La
b_15a.cpp)
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 K4@C?8��������		�FBHE68�6B78

for(x =0; x  <  l0; x++)

{

cout <<  "Having fun!";

}
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����?D=N=?PANO��3DEO�OPNEJC�?H=OO�EILHAIAJP=PEKJ�=HOK�=HHKSA@�LNKCN=IIANO�PK�QOA�PDA

NAOANRA@�SKN@FGE<A:=O�EB�EP�SANA�=�@=P=�PULA��#KIIKJHU�QOA@�KLAN=PKNO�=J@�OKIA

=HPANJ=PERAO�BKN�PDA�OPNEJC�?H=OO�=NA�OQII=NEVA@�EJ�PDA�BKHHKSEJC�P=>HA�
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C++

Operator

Operator

Name
String Class Implementation

= assignment Same as for standard data types

<, >, <= ,

>=, ==,

!=

six relational Same as for standard data types

+ addition Concatenation or Append

sizeof

Usage how

many bytes a

data type

occupies

Implemented using a class member

function named length. Format:

identifier_name. length()

NOTE: The period between the

identifier name and the function name

is the class member operator.

. the

period
class member

Used in conjunction with class

functions

Table 16.1 Summary of commonly used operators and some alternatives

,KOP�KPDAN�KLAN=PKNO�=NA�JKP�=HHKSA@�=J@�>=OE?=HHU�@K�JKP�I=GA�OAJOA�BKN�=�OPNEJC

@=P=�PULA��3DA�=>KRA�EPAIO�=NA�@AIKJOPN=PA@�EJ�PDA�BKHHKSEJC�LNKCN=I�

��������8@BAFGE4G<BA�)EB:E4@�<A��		

����������E84G<A:�4�!B?78E�BE�+H5�!B?78E�9BE�+BHE68��B78�!<?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$ALAJ@EJC�KJ�UKQN�?KILEHAN�`$%��UKQ�ODKQH@�@A?E@A�SDANA�PK�@KSJHK=@�=J@�OPKNA

OKQN?A�?K@A�\HAO�BKN�LNK?AOOEJC��/NQ@AJ?A�@E?P=PAO�PD=P�UKQ�?NA=PA�PDAOA�BKH@ANO�=O

JAA@A@�LNEKN�PK�@KSJHK=@EJC�OKQN?A�?K@A�\HAO��!�OQCCAOPA@�OQ>
BKH@AN�BKN�PDA

�?BB7F;87��8I��		���6B@C<?8E
Q� IECDP�>A�J=IA@�

[ $AIK</NKCN=IO

`B�UKQ�D=RA�JKP�@KJA�OK��LHA=OA�?NA=PA�PDA�BKH@AN�O	�=J@�KN�OQ>
BKH@AN�O	�=O

=LLNKLNE=PA�
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����������BJA?B47�G;8��8@B�)EB:E4@
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O�KNC�HE?AJOAO�>U
O=�����	�

$KSJHK=@�=J@�OPKNA�PDA�BKHHKSEJC�\HA�O	�PK�UKQN�OPKN=CA�@ARE?A�EJ�PDA�=LLNKLNE=PA

BKH@AN�O	��&KHHKSEJC�PDA�IAPDK@O�KB�UKQN�?KILEHAN�`$%��?KILEHA�=J@�NQJ�PDA

LNKCN=I�O	��2PQ@U�PDA�OKQN?A�?K@A�\HA�O	�EJ�?KJFQJ?PEKJ�SEPD�KPDAN�HA=NJEJC�I=PANE=HO�

� Demo_String_Class.cpp(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5800/
media/Demo_String_Class.cpp)
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O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������4EE4L

!�OAMQAJ?A@�?KHHA?PEKJ�KB�AHAIAJPO�KB�PDA�O=IA�@=P=�PULA�SEPD�=�OEJCHA�E@AJPE\AN

J=IA�

�8NA<G<BA�������6BA64G8A4G<BA

#KI>EJEJC�PSK�OPNEJCO�EJPK�KJA�OPNEJC�

�8NA<G<BA�������FGE<A:�6?4FF

!�?KILHAT�@=P=�EPAI�PD=P�QOAO�K>FA?P�KNEAJPA@�LNKCN=IIEJC�

�8NA<G<BA�������6?4FF�@8@58E

!J�KLAN=PKN�QOA@�PK�EJRKGA�BQJ?PEKJO�=OOK?E=PA@�SEPD�=�?H=OO�

�����-A4EL�)BF<G<I8�4A7�'8:4G<I8�(C8E4GBEF

�������"8A8E4?��<F6HFF<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

4J=NU�LKOEPERA�=HOK�GJKSJ�=O�LHQO�=J@�QJ=NU�JAC=PERA�=HOK�GJKSJ�=O�IEJQO�=NA�QJEMQA

KLAN=PKNO��3DA�LHQO�=J@�IEJQO�SDAJ�QOA@�SEPD�=�?KJOP=JP�R=HQA�NALNAOAJP�PDA

?KJ?ALP�PD=P�PDA�R=HQAO�=NA�AEPDAN�LKOEPERA�KN�JAC=PERA��+AP�O�?KJOE@AN�

+5 + -2

6A�D=RA�PDNAA�KLAN=PKNO�EJ�PDEO�KN@AN��QJ=NU�LKOEPERA��=@@EPEKJ��=J@�QJ=NU�JAC=PERA�

3DA�=JOSAN�PK�PDEO�ATLNAOOEKJ�EO�=�LKOEPERA����!O�UKQ�?=J�OAA��KJA�IQOP�@E_ANAJPE=PA

>APSAAJ�SDAJ�PDA�LHQO�OECJ�IA=JO�QJ=NU�LKOEPERA�=J@�SDAJ�EP�IA=JO�=@@EPEKJ��4J=NU

JAC=PERA�=J@�OQ>PN=?PEKJ�D=RA�PDA�O=IA�LNK>HAI��+AP�O�?KJOE@AN�

218

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://www.opentextbooks.org.hk/system/files/resource/5/5267/5800/media/Demo_String_Class.cpp
http://www.opentextbooks.org.hk/system/files/resource/5/5267/5800/media/Demo_String_Class.cpp
http://www.opentextbooks.org.hk/system/files/resource/5/5267/5800/media/Demo_String_Class.cpp
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


-2 -+5

3DA�ATLNAOOEKJ�AR=HQ=PAO�PK�JAC=PERA����+AP�O�?KJOE@AN�

7 - -2

&ENOP�?KJOP=JPO�PD=P�@K�JKP�D=RA�=�QJ=NU�IEJEO�EJ�BNKJP�KB�PDAI�=NA�=OOQIA@��PDA

@AB=QHP	�PK�>A�LKOEPERA��6DAJ�UKQ�OQ>PN=?P�=�JAC=PERA�JQI>AN�EP�EO�HEGA�=@@EJC��PDQO�PDA

ATLNAOOEKJ�AR=HQ=PAO�PK�LKOEPERA���

��������		��B78� K4@C?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�=>KRA�AT=ILHAO�SKNG�SEPDEJ�PDA�#���LNKCN=IIEJC�H=JCQ=CA��6D=P�D=LLAJO�EB�SA

LQP�=�QJ=NU�LKOEPERA�KN�QJ=NU�JAC=PERA�EJ�BNKJP�KB�=�R=NE=>HA�KN�=�J=IA@�?KJOP=JP�

���������'8:4G<BA��-A4EL�'8:4G<I8

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�?KJ?ALP�KB�JAC=PEKJ�EO�PK�P=GA�=�R=HQA�=J@�?D=JCA�EPO�OECJ��PD=P�EO��\L�EP��`B�EP

LKOEPERA�I=GA�EP�JAC=PERA�=J@�EB�EP�EO�JAC=PERA�I=GA�EP�LKOEPERA��,=PDAI=PE?=HHU��EP�EO�PDA

BKHHKSEJC�#���?K@A�AT=ILHA��CERAJ�PD=P�IKJAU�EO�=J�EJPACAN�R=NE=>HA�SEPD�=�R=HQA�KB���

-money

money * -l

3DA�=>KRA�PSK�ATLNAOOEKJO�AR=HQ=PA�PK�PDA�O=IA�R=HQA��`J�PDA�\NOP�HEJA��PDA�R=HQA�EJ

PDA�R=NE=>HA�IKJAU�EO�BAP?DA@�=J@�PDAJ�EP�O�JAC=PA@�PK�=�JAC=PERA����`J�PDA�OA?KJ@�HEJA�

PDA�R=HQA�EJ�PDA�R=NE=>HA�IKJAU�EO�BAP?DA@�=J@�PDAJ�EP�O�IQHPELHEA@�>U�JAC=PERA��

I=GEJC�PDA�=JOSAN�=�JAC=PERA���

���������-A4EL�)BF<G<I8��/BEG;?8FF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

2EILHU�PK�O=PEOBU�OUIIAPNU��PDA�QJ=NU�LKOEPERA�S=O�=@@A@�PK�PDA�#���LNKCN=IIEJC

H=JCQ=CA�=O�KJ�KLAN=PKN��(KSARAN��EP�EO�=�PKP=HHU�SKNPDHAOO�KN�QOAHAOO�KLAN=PKN�=J@�EO

N=NAHU�QOA@��(KSARAN�@KJ�P�>A�?KJBQOA@�PDA�BKHHKSEJC�ATLNAOOEKJ�EO�?KILHAPAHU�R=HE@�

6 + +5
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3DA�OA?KJ@���OECJ�EO�EJPANLNAPA@�=O�QJ=NU�LKOEPERA��3DA�\NOP���OECJ�EO�EJPANLNAPA@�=O

=@@EPEKJ�

money

+money

money * +l

&KN�=HH�PDNAA�HEJAO��EB�PDA�R=HQA�OPKNA@�EJ�IKJAU�EO���PDA�R=HQA�KB�PDA�ATLNAOOEKJ�EO���

%RAJ�EB�PDA�R=HQA�EJ�IKJAU�S=O�JAC=PERA����PDA�R=HQA�KB�PDA�ATLNAOOEKJ�SKQH@�>A

JAC=PERA�����3DA�KLAN=PKN�@KAO�JKPDEJC��>A?=QOA�IQHPELHUEJC�=JUPDEJC�>U���@KAO�JKP

?D=JCA�EPO�R=HQA�

���������)BFF<5?8��BA9HF<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$K�JKP�?KJBQOA�PDA�QJ=NU�JAC=PERA�KLAN=PKN�SEPD�@A?NAIAJP��$A?NAIAJP�?D=JCAO�PDA

R=HQA�EJ�PDA�R=NE=>HA�=J@�PDQO�EO�=J�+R=HQA�?KJ?ALP��4J=NU�JAC=PERA�@KAO�JKP�?D=JCA

PDA�R=HQA�KB�PDA�R=NE=>HA��>QP�QOAO�EP�EJ�=J�1R=HQA�?KJPATP��`P�BAP?DAO�PDA�R=HQA�=J@�PDAJ

JAC=PAO�PD=P�R=HQA��3DA�KNECEJ=H�R=HQA�EJ�PDA�R=NE=>HA�@KAO�JKP�?D=JCA�

"A?=QOA�PDANA�EO�JK�?D=JCEJC�KB�PDA�R=HQA�=OOK?E=PA@�SEPD�PDA�E@AJPE\AN�J=IA��PDA

E@AJPE\AN�J=IA�?KQH@�NALNAOAJP�=�R=NE=>HA�KN�J=IA@�?KJOP=JP�

��������� K8E6<F8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

 K8E6<F8�������

 I4?H4G8�G;8�9B??BJ<A:�<G8@F�<AIB?I<A:�HA4EL�CBF<G<I8�4A7�HA4EL�A8:4G<I8�
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O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������HA4EL�CBF<G<I8

!�SKNPDHAOO�KLAN=PKN�=HIKOP�JARAN�QOA@�

�8NA<G<BA�������HA4EL�A8:4G<I8
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'8:4G<I8

�������%84EA<A:�(5=86G<I8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
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O�KNC�HE?AJOAO�>U
O=�����	�

-KJA�=P�PDEO�PEIA�

�������%45��FF<:A@8AG

����������E84G<A:�4�!B?78E�BE�+H5�!B?78E�9BE��;4CG8E����!<?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$ALAJ@EJC�KJ�UKQN�?KILEHAN�`$%��UKQ�ODKQH@�@A?E@A�SDANA�PK�@KSJHK=@�=J@�OPKNA

OKQN?A�?K@A�\HAO�BKN�LNK?AOOEJC��/NQ@AJ?A�@E?P=PAO�PD=P�UKQ�?NA=PA�PDAOA�BKH@ANO�=O

JAA@A@�LNEKN�PK�@KSJHK=@EJC�OKQN?A�?K@A�\HAO��!�OQCCAOPA@�OQ>
BKH@AN�BKN�PDA

�?BB7F;87��8I��		���6B@C<?8E
Q� IECDP�>A�J=IA@�

[ #D=LPAN����SEPDEJ�PDA�BKH@AN�J=IA@��#LL<2KQN?A<#K@A<&EHAO

`B�UKQ�D=RA�JKP�@KJA�OK��LHA=OA�?NA=PA�PDA�BKH@AN�O	�=J@�KN�OQ>
BKH@AN�O	�=O

=LLNKLNE=PA�

����������BJA?B47�G;8�%45�!<?8�F�

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$KSJHK=@�=J@�OPKNA�PDA�BKHHKSEJC�\HA�O	�PK�UKQN�OPKN=CA�@ARE?A�EJ�PDA�=LLNKLNE=PA

BKH@AN�O	�

� Lab_16_Pseudocode(http://www.opentextbooks.org.hk/system/files/resource/5/5267/6101/med
ia/Lab_16_Pseudocode.txt)
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1A=@�=J@�BKHHKS�PDA�@ENA?PEKJO�>AHKS�?=NABQHHU��=J@�LANBKNI�PDA�OPALO�EJ�PDA�KN@AN

HEOPA@�

[ #NA=PA�=�OKQN?A�?K@A�\HA�BNKI�PDA�+=>����/OAQ@K?K@A�PTP�\HA��-=IA�EP��+=>����?LL

[ "QEH@��?KILEHA�=J@�NQJ	�UKQN�LNKCN=I�

[ !BPAN�UKQ�D=RA�OQ??AOOBQHHU�SNEPPAJ�PDEO�LNKCN=I��EB�UKQ�=NA�P=GEJC�PDEO�?KQNOA�BKN

?KHHACA�?NA@EP��BKHHKS�PDA�EJOPNQ?PEKJO�BNKI�UKQN�LNKBAOOKN�EJOPNQ?PKN�BKN

OQ>IEPPEJC�EP�BKN�CN=@EJC�
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C++

Operator
Meaning Comments

? : conditional
trinary - three operands with two

operators

!O�=J�KLAN=PKN�EP�LNK@Q?AO�=�R=HQA�BKN�PDA�ATLNAOOEKJ��!J�A=OU�S=U�PK�ATLH=EJ�PDA

?KJ@EPEKJ=H�KLAN=PKN�EO�PK�?KJRANP�=J��EB�PDAJ�AHOA��?KJPNKH�OPNQ?PQNA�PK�=J�ATLNAOOEKJ

QOEJC�PDA�?KJ@EPEKJ=H�KLAN=PKN�

 K4@C?8�������<9�G;8A�8?F8

if (age  > 17)

{

cout  << "You can vote.";

}

else

{

cout  << "You can't vote.";

}

 K4@C?8�������6BA7<G<BA4?���BCG<BA��

age > 17 ? cout << "You can vote." : cout << "You can't vote.";
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 K4@C?8�������6BA7<G<BA4?���BCG<BA��

cout <<  (age  > l7 ? "You can vote." : "You can't vote.");

Note: The use of parenthesizes is needed because of the precedence of

operators. The conditional expression is of lower precedence than the insertion

(writing) operator.

3DA�\NOP�KLAN=J@�EO�=G8FG�8KCE8FF<BAOEIEH=N�PK�PDKOA�PD=P�?KJPNKH�LNKCN=I�BKS�EJ
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R=HQA�KB�PDA�ATLNAOOEKJ��3DA�KLAN=PKNO�KB�PDA�MQAOPEKJ�I=NG�=J@�?KHKJ�OAL=N=PA�PDA

PDNAA�KLAN=J@O�

 K4@C?8�������:8A8E4?�9BE@4G

test expression ? expression true : expression false
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� Demo_Factorial.cpp(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5831/medi
a/Demo_Factorial.cpp)
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$KSJHK=@�=J@�OPKNA�PDA�BKHHKSEJC�\HA�O	�PK�UKQN�OPKN=CA�@ARE?A�EJ�PDA�=LLNKLNE=PA

BKH@AN�O	�

� Lab_17a(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5840/media/Lab_17
a.cpp)

����������8G4<?87�%45�QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

1A=@�=J@�BKHHKS�PDA�@ENA?PEKJO�>AHKS�?=NABQHHU��=J@�LANBKNI�PDA�OPALO�EJ�PDA�KN@AN

HEOPA@�

[ #KILEHA�=J@�NQJ�PDA�+=>���=�?LL�OKQN?A�?K@A�\HA��4J@ANOP=J@�DKS�EP�SKNGO�

[ #KLU�PDA�OKQN?A�?K@A�\HA�+=>���=�?LL�J=IEJC�EP��+=>���>�?LL

[ #KJRANP�PDA�?K@A�PD=P�EO�QOEJC�PDA�EB�PDAJ�AHOA�PK�=�?KJ@EPEKJ=H�ATLNAOOEKJ�

[ #KJRANP�PDA�?K@A�PD=P�EO�QOEJC�PDA�?KJ@EPEKJ=H�ATLNAOOEKJ�PK�=J�EB�PDAJ�AHOA�
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[ "QEH@��?KILEHA�=J@�NQJ	�UKQN�LNKCN=I�

[ !BPAN�UKQ�D=RA�OQ??AOOBQHHU�SNEPPAJ�PDEO�LNKCN=I��EB�UKQ�=NA�P=GEJC�PDEO�?KQNOA�BKN

?KHHACA�?NA@EP��BKHHKS�PDA�EJOPNQ?PEKJO�BNKI�UKQN�LNKBAOOKN�EJOPNQ?PKN�BKN

OQ>IEPPEJC�EP�BKN�CN=@EJC�

�������)EB5?8@F

���������)EB5?8@���4��QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

4OEJC�LNKLAN�#���OUJP=T��?KJRANP�PDA�BKHHKSEJC�EB�PDAJ�AHOA�PK�=�?KJ@EPEKJ=H�ATLNAOOEKJ�

 K4@C?8�������<9�G;8A�8?F8

if (x ==y)

{

z = l4;

}

else

{

z++;

}

���������)EB5?8@���5��QAFGEH6G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

4OEJC�LNKLAN�#���OUJP=T��?KJRANP�PDA�BKHHKSEJC�?KJ@EPEKJ=H�ATLNAOOEKJ�PK�=J�EB�PDAJ

AHOA�

 K4@C?8�������6BA7<G<BA4?

answer = y  <  z ? 47 : 92;

�������+B?HG<BAF�GB� K8E6<F8F�<A��;4CG8E���

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+B?HG<BAF�GB�)E46G<68������BA7<G<BA4?�(C8E4GBE�4A7�*86HEF<BA

+B?HG<BA�GB� K8E6<F8�������

�AFJ8EF�

�� B=HOA
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�� PNQA

�� PNQA

�� B=HOA

�� B=HOA
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�;4CG8E����QAGEB7H6G<BA�GB��EE4LF

������EE4L��4G4�,LC8

�������(I8EI<8J

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

!J 4EE4LEO�=�OAMQAJ?A@�?KHHA?PEKJ�KB�AHAIAJPO�KB�PDA�O=IA�@=P=�PULA�SEPD�=�OEJCHA

E@AJPE\AN�J=IA��!O�OQ?D��PDA�=NN=U�@=P=�PULA�>AHKJCO�PK�PDA��#KILHAT��?=PACKNU�KN

B=IEHU�KB�@=P=�PULAO��!NN=UO�?=J�D=RA�IQHPELHA�=TAO��IKNA�PD=J�KJA�=TEO	��%=?D�=TEO�EO�=

7<@8AF<BA��3DQO�=�OEJCHA�@EIAJOEKJ�=NN=U�EO�=HOK�GJKSJ�=O�=�HEOP��!�PSK�@EIAJOEKJ

=NN=U�EO�?KIIKJHU�GJKSJ�=O�=G45?8�=�OLNA=@ODAAP�HEGA�%T?AH�EO�=�PSK�@EIAJOEKJ

=NN=U	��`J�NA=H�HEBA�PDANA�=NA�K??=OEKJO�PK�D=RA�@=P=�KNC=JEVA@�EJPK�IQHPELHA

@EIAJOEKJA@�=NN=UO��#KJOE@AN�=�PDA=PAN�PE?GAP�SEPD�OA?PEKJ��NKS�=J@�OA=P��PDNAA

@EIAJOEKJO	��3DEO�IK@QHA�SEHH�KJHU�?KRAN�PDA�OEJCHA�@EIAJOEKJ�=NN=U��,KOP�OEJCHA

@EIAJOEKJ�=NN=UO�=NA�REOQ=HEVA@�RANPE?=HHU�=J@�=NA�KBPAJ�?=HHA@�=�HEOP�

,KOP�LNKCN=IIANO�=NA�B=IEHE=N�SEPD�=�OLA?E=H�PULA�KB�=NN=U�?=HHA@�=FGE<A:��2PNEJCO�=NA

>=OE?=HHU�=�OEJCHA�@EIAJOEKJ�=NN=U�KB�?D=N=?PANO��4JHEGA�KPDAN�OEJCHA�@EIAJOEKJ�=NN=UO�

SA�QOQ=HHU�AJREOEKJ�=�OPNEJC�=O�=�DKNEVKJP=H�OPNA=I�KB�?D=N=?PANO�=J@�JKP�RANPE?=HHU�=O�=

HEOP��6EPDEJ�#���PDA�OPNEJC�@=P=�PULA�EO�=�HAJCPD
?KJPNKHHA@�=NN=U�=J@�EO�=�LNA
@A\JA@

@=P=�?H=OO�

6A�NABAN�PK�PDA�EJ@ERE@Q=H�R=HQAO�=O�IAI>ANO��KN�AHAIAJPO	�KB�PDA�=NN=U��/NKCN=IIEJC

H=JCQ=CAO�EILHAIAJP�PDA�@AP=EHO�KB�=NN=UO�@E_ANAJPHU��"A?=QOA�PDANA�EO�KJHU�KJA

E@AJPE\AN�J=IA�=OOECJA@�PK�PDA�=NN=U��SA�D=RA�KLAN=PKNO�PD=P�=HHKS�QO�PK�NABANAJ?A�KN

=??AOO�PDA�EJ@ERE@Q=H�IAI>ANO�KB�=J�=NN=U��3DA�KLAN=PKN�?KIIKJHU�=OOK?E=PA@�SEPD

NABANAJ?EJC�=NN=U�IAI>ANO�EO�PDA<A78KKLAN=PKN��`P�EO�EILKNP=JP�PK�HA=NJ�DKS�PK

@A\JA�=J�=NN=U�=J@�EJEPE=HEVA�EPO�IAI>ANO��!@@EPEKJ=HHU��PDAF<M8B9KLAN=PKN�EO�KBPAJ

QOA@�PK�?=H?QH=PA�PDA�JQI>AN�KB�IAI>ANO�EJ�=J�=NN=U�

��������89A<A:�4A��EE4L�<A��		

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

%T=ILHA�

int ages[5] = {49,48,26,l9,l6};

3DEO�EO�PDA789<A<A:�B9�FGBE4:8�FC468��3DA�OMQ=NA�>N=?GAPO��HABP�9�=J@�NECDP�;	�=NA�QOA@

DANA�PK�?NA=PA�PDA�=NN=U�SEPD�\RA�EJPACAN�IAI>ANO�=J@�PDA�E@AJPE\AN�J=IA�KB�=CAO�

3DA�=OOECJIAJP�SEPD�>N=?AO��PD=P�EO�=�>HK?G	�AOP=>HEODAO�PDA�EJEPE=H�R=HQAO�=OOECJA@�PK

PDA�IAI>ANO�KB�PDA�=NN=U��-KPA�PDA�QOA�KB�PDA�OAMQAJ?A�KN�?KII=�KLAN=PKN��6A

?KQH@�D=RA�@KJA�EP�PDEO�S=U�
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int ages[] = {49,48,26,l9,l6};

"U�HA=REJC�KQP�PDA�\RA�=J@�D=REJC�EJEPE=H�R=HQAO�=OOECJA@��PDA�?KILEHAN�SEHH�GJKS�PK

?NA=PA�PDA�=NN=U�SEPD�\RA�OPKN=CA�OL=?AO�>A?=QOA�PDANA�=NA�\RA�R=HQAO�HEOPA@��3DEO

IAPDK@�EO�LNABANNA@�>A?=QOA�SA�?=J�OEILHU�=@@�IAI>ANO�PK�KN�NAIKRA�IAI>ANO

BNKI�PDA�=NN=U�>U�?D=JCEJC�PDA�EPAIO�EJOE@A�KB�PDA�>N=?AO��6A�?KQH@�D=RA�=HOK�@KJA

PDEO�

int ages[5];

3DEO�SKQH@�D=RA�@A?H=NA@�PDA�OPKN=CA�OL=?A�KB�\RA�EJPACANO�SEPD�PDA�E@AJPE\AN�J=IA�KB

=CAO�>QP�PDAEN�EJEPE=H�R=HQAO�SKQH@�D=RA�>AAJ�QJGJKSJ�R=HQAO��=?PQ=HHU�PDANA�SKQH@�>A

R=HQAO�PDANA�>QP�SA�@KJ�P�GJKS�SD=P�PDAU�SKQH@�>A�=J@�PDQO�PDEJG�KB�PDA�R=HQAO�=O

C=N>=CA	��6A�?KQH@�=OOECJ�R=HQAO�H=PAN�EJ�KQN�LNKCN=I�>U�@KEJC�PDEO�

ages[0] = 49;

ages[l] = 48;

ages[2] = 26;

ages[3] = l9;

ages[4] = l6;

Note: The members of the array go from 0 to 4; NOT 1 to 5. This is explained in

more detail in another Connexions module that covers accessing array

members and is listed in the supplemental links provided. See: Array Index

Operator.

��������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������7<@8AF<BA

!J�=TEO�KB�=J�=NN=U�

�8NA<G<BA�������?<FG

!�OEJCHA�@EIAJOEKJ�=NN=U�

�8NA<G<BA�������G45?8

!�PSK�@EIAJOEKJ�=NN=U�
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������EE4L�QA78K�(C8E4GBE

��������EE4L�QA78K�(C8E4GBE�<A��		

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

%T=ILHA�

int ages[5J = {49,48,26,l9,l6};

int my_age;

my_age = ages[2]

3DEO�OA?KJ@�QO=CA�KB�PDA�OMQ=NA�>N=?GAPO�EO�=O�PDA4EE4L�ABG4G<BA�B9�78E898E8A68KN

IKNA�?KIIKJHU�?=HHA@�PDA<A78K�BC8E4GBE��!O�=J�KLAN=PKN�EP�AEPDAN�LNKRE@AO�PDA�R=HQA

DAH@�>U�PDA�IAI>AN�KB�PDA�=NN=U��1R=HQA	�KN�?D=JCAO�PDA�R=HQA�KB�IAI>AN��+R=HQA	��`J

PDA�=>KRA�AT=ILHA�PDA�IAI>AN�PD=P�EO�PSKBPF8GFBNKI�PDA�BNKJP�KB�PDA�=NN=U��PDA

R=HQA���	�EO�=OOECJA@�PK�R=NE=>HA�J=IA@�IU�=CA��3DA�@ANABANAJ?A�KLAN=PKN�KB�9�;

IA=JO�PK�CK�PDA��J@�K_OAP�BNKI�PDA�BNKJP�KB�PDA�=CAO�=NN=U�=J@�CAP�PDA�R=HQA�OPKNA@

PDANA��`J�PDEO�?=OA�PDA�R=HQA�SKQH@�>A�����3DA�=NN=U�IAI>ANO��KN�AHAIAJPO	�=NA

NABANAJ?A@�OP=NPEJC�=P�VANK��3DA�IKNA�?KIIKJ�S=U�BKN�LAKLHA�PK�NABANAJ?A�=�HEOP�EO�>U

OP=NPEJC�SEPD�KJA��,=JU�LNKCN=IIEJC�H=JCQ=CAO�NABANAJ?A�=NN=U�IAI>ANO�OP=NPEJC�=P

KJA��DKSARAN�BKN�OKIA�H=JCQ=CAO��=J@�#���EO�KJA�KB�PDAI	�UKQ�SEHH�JAA@�PK�?D=JCA

LBHE�G;<A><A:�#KJOE@AN�

Position C++
Miss

America

Other

Contests

zero offsets from the

front

ages

[0]
Winner 1st Place

one offsets from the

front

ages

[1]

1st Runner

Up
2nd Place

two offsets from the

front

ages

[2]

2nd Runner

Up
3rd Place

three offsets from the

front

ages

[3]

3rd Runner

Up
4th Place

fou r offsets from the

front

ages

[4]

4th Runner

Up
5th Place
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2=UEJC�PD=P�IU�?KQOEJ�EO�PDA��J@1QJJAN�4L�EJ�PDA�,EOO�!IANE?=�?KJPAOP�OKQJ@O�OK

IQ?D�>APPAN�PD=J�O=UEJC�PD=P�ODA�S=O�EJ��N@/H=?A��6A�SKQH@�>A�P=HGEJC�=>KQP�PDA

O=IA�LKOEPEKJ�EJ�PDA�=NN=U�KB�PDA�\RA�\J=HEOPO�

ages[3] = 20;

3DEO�EO�=J�AT=ILHA�KB�?D=JCEJC�=J�=NN=U�O�R=HQA�>U�=OOECJEJC����PK�PDA��PDIAI>AN�KB

PDA�=NN=U�=J@�NALH=?EJC�PDA�R=HQA����SEPD�����3DEO�EO�=J�+R=HQA�?KJPATP�>A?=QOA�PDA

=NN=U�EO�KJ�PDA�HABP�OE@A�KB�PDA�=OOECJIAJP�KLAN=PKN�

3DA�#���KLAN=PKN�J=IA�EO�?=HHA@�PDA�=NN=U�EJ@AT�KN�OEILHU�PDA�EJ@AT�KLAN=PKN�=J@�EP

QOAO�PDA�OMQ=NA�>N=?GAPO�=O�PDA�KLAN=PKN�OUI>KHO�

��������8NA<G<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

�8NA<G<BA�������4EE4L�@8@58E

!J�AHAIAJP�KN�R=HQA�EJ�=J�=NN=U�

�8NA<G<BA�������<A78K

!J�KLAN=PKN�PD=P�=HHKSO�QO�PK�NABANAJ?A�=�IAI>AN�KB�=J�=NN=U�

�8NA<G<BA�������BPF8G

3DA�IAPDK@�KB�NABANAJ?EJC�=NN=U�IAI>ANO�>U�OP=NPEJC�=P�VANK�

������<FC?4L<A:��EE4L�&8@58EF

��������668FF<A:��EE4L�&8@58EF�<A��		

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

 K4@C?8�������4668FF<A:�G;8�@8@58EF�B9�4A�4EE4L

int ages[J = {49,48,26,l9,l6};

int counter;

for (counter = 0, counter < 5, counter++)

{

cout Ç ages[counterJ Ç endl;

}

3DEO�OA?KJ@�QO=CA�KB�PDA�OMQ=NA�>N=?GAPO�EO�=O�PDA4EE4L�ABG4G<BA�B9�78E898E8A68KN

IKNA�?KIIKJHU�?=HHA@�PDA<A78K�BC8E4GBE��!O�=J�KLAN=PKN�EP�LNKRE@AO�PDA�R=HQA�DAH@

>U�PDA�IAI>AN�KB�PDA�=NN=U��&KN�AT=ILHA��@QNEJC�KJA�KB�PDA�EPAN=PEKJO�KB�PDA�BKN�HKKL
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PDA�EJ@AT��SDE?D�EO�=J�EJPACAN�@=P=�PULA	�SEHH�D=RA�PDA�R=HQA�KB����3DA�ATLNAOOEKJ

=CAO9?KQJPAN;�SKQH@�EJ�AOOAJ?A�>A��=CAO9�;��3DA�@ANABANAJ?A�KLAN=PKN�KB�IA=JO�PK�CK

PDA��N@�K_OAP�BNKI�PDA�BNKJP�KB�PDA�=CAO�=NN=U�=J@�CAP�PDA�R=HQA�OPKNA@�PDANA��`J�PDEO

?=OA�PDA�R=HQA�SKQH@�>A�����3DA�=NN=U�IAI>ANO��KN�AHAIAJPO	�=NA�NABANAJ?A@�OP=NPEJC

=P�VANK��3DA�IKNA�?KIIKJ�S=U�BKN�LAKLHA�PK�NABANAJ?A�=�HEOP�EO�>U�OP=NPEJC�SEPD�KJA�

,=JU�LNKCN=IIEJC�H=JCQ=CAO�NABANAJ?A�=NN=U�IAI>ANO�OP=NPEJC�=P�KJA��DKSARAN�BKN

OKIA�H=JCQ=CAO��=J@�#���EO�KJA�KB�PDAI	�UKQ�SEHH�JAA@�PK6;4A:8�LBHE�G;<A><A: �

#KJOE@AN�

Position C++
Miss

America

Other

Contests

zero offsets from the

front

ages

[0]
Winner 1st Place

one offsets from the

front

ages

[1]
1st Runner

Up
2nd Place

two offsets from the

front

ages

[2]
2nd Runner

Up
3rd Place

three offsets from the

front

ages

[3]
3rd Runner

Up
4th Place

fou r offsets from the

front

ages

[4]
4th Runner

Up
5th Place

2=UEJC�PD=P�IU�?KQOEJ�EO�PDA��J@�1QJJAN�4L�EJ�PDA�,EOO�!IANE?=�?KJPAOP�OKQJ@O�OK

IQ?D�>APPAN�PD=J�O=UEJC�PD=P�ODA�S=O�EJ��N@�/H=?A��6A�SKQH@�>A�P=HGEJC�=>KQP�PDA

O=IA�LKOEPEKJ�EJ�PDA�=NN=U�KB�PDA�\RA�BJ=HEOPO�

1=PDAN�PD=J�QOEJC�PDA�BKN�HKKL�PK�@EOLH=U�PDA�IAI>ANO�KB�PDA�=NN=U��SA�?KQH@�D=RA
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cout << ages[0] << endl;

cout << ages[1] << endl;

cout << ages[2] << endl;

cout << ages[3] << endl;

cout << ages[4] << endl;
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int ages[] = {49,48,26,l9,l6};

int counter;

for (counter = 0, counter < sizeof ages 1 sizeof ages[0], counter++)

{

cout Ç ages[counterJ Ç endl;

}
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sizeof ages 1 sizeof ages[0]
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� Lab_17a.cpp(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5859/media/La
b_17a.cpp)
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� Lab_18_Narrative_Description(http://www.opentextbooks.org.hk/system/files/resource/5/526
7/5868/media/Lab_18_Narrative_Description.txt)
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fstream inData;

3DEO�R=NE=>HA�SEHH�>A�QOA@�PK�OPKNA�PDA�@ARE?A�PKGAJ�PD=P�PDA�KLAN=PEJC�OUOPAI�=OOECJO

PK�PDA�\HA�>AEJC�KLAJA@��3DQO��KLAJEJC�=�\HA�QOAO�=�?H=OO�IAI>AN�BQJ?PEKJ�?=HH�HEGA

PDEO�

inData.open("C:\\myfiles\\cosc l436\\Lab 05.txt", ios::in);

3DA�PSK�L=N=IAPANO�L=OOA@�PK�PDA�BQJ?PEKJ�=NA�PDA�]AOLA?�=J@�PDA�IAPDK@�PD=P�UKQ

S=JP�PK�QOA�PDA�\HA��EJ�PDEO�AT=ILHA�=O�EJLQP	��3DA�BQJ?PEKJ�LNKRE@AO�=�NAPQNJEJC�R=HQA

KB�=�@ARE?A�PKGAJ�BNKI�PDA�KLAN=PEJC�OUOPAI�=J@�EP�EO�OPKNA@�EJ�PDA�R=NE=>HA�J=IA@

EJ$=P=�

`P�EO�?KJOE@ANA@�CKK@�LNKCN=IIEJC�LN=?PE?A�PK�@APANIEJA�EB�PDA�\HA�S=O�KLAJA@

LNKLANHU��3DA�@ARE?A�PKGAJ�ODKQH@�>A�=�JKJ�VANK�R=HQA��`P�PDA�KLAN=PEJC�OUOPAI�CERAO

UKQ�PDA�R=HQA�KB�VANK�EP�S=O�JKP�=>HA�PK�KLAJ�PDA�\HA��3DA�NA=OKJ�EP�QOQ=HHU�?=J�P�KLAJ�=

\HA�EO�>A?=QOA�PDA�]AOLA?�EO�SNKJC��IEOOLAHHA@�KN�JKP�PULA@�?=OA�?KJOEOPAJP�EJ�OKIA
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@ARE?A�PKGAJ�>U�QOEJC�=J�EB�PDAJ�?KJPNKH�OPNQ?PQNA�SEPD�PDA�=?PEKJ�?KJOEOPEJC�KB

OPKLLEJC�PDA�LNKCN=I�EB�EP�EO�PNQA�PD=P�UKQ�CKP�PDA�VANK��3DA�\NOP�HEJA�KB�PDA�EB�PDAJ

?KJPNKH�OPNQ?PQNA�HKKGO�HEGA�PDEO�

if (!inData)
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*847 
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KLAN=PKN�QOA@�EO�PDA�ATPN=?PEKJ�KN�NA=@�KLAN=PKN��!J�AT=ILHA�KB�NA=@EJC�EO�

inData È next number
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GAU>K=N@	�

cin È next number
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outData Ç "Total is: " Ç total Ç endl;
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cout Ç "Total is: " Ç total Ç endl;
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inData.close();

outData.close();
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$KSJHK=@�=J@�OPKNA�PDA�BKHHKSEJC�\HA�O	�PK�UKQN�OPKN=CA�@ARE?A�EJ�PDA�=LLNKLNE=PA

BKH@AN�O	��&KHHKSEJC�PDA�IAPDK@O�KB�UKQN�?KILEHAN�`$%��?KILEHA�=J@�NQJ�PDA

LNKCN=I�O	��2PQ@U�PDA�OKQN?A�?K@A�\HA�O	�EJ�?KJFQJ?PEKJ�SEPD�KPDAN�HA=NJEJC�I=PANE=HO�

� Demo�File�IO.cpp(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5878/media/D
emo_File_IO.cpp)
� Demo�File�IO�Input.txt(http://www.opentextbooks.org.hk/system/files/resource/5/5267/5878/me
dia/Demo_File_IO_Input.txt)
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��������8NA<G<BAF
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�8NA<G<BA�������N?8A4@8

3DA�J=IA�=J@�EPO�ATPAJOEKJ�

�8NA<G<BA�������N?8FC86

3DA�HK?=PEKJ�KB�=�\HA�=HKJC�SEPD�EPO�\HAJ=IA�

�8NA<G<BA�������BC8A

8KQN�LNKCN=I�NAMQAOPEJC�PDA�KLAN=PEJC�OUOPAI�PK�HAP�EP�D=RA�=??AOO�PK�=J�ATEOPEJC�\HA

KN�PK�KLAJ�=�JAS�\HA�

�8NA<G<BA�������78I<68�GB>8A

!�GAU�R=HQA�LNKRE@A@�>U�PDA�KLAN=PEJC�OUOPAI�PK�=OOK?E=PA�=�@ARE?A�PK�UKQN�LNKCN=I�

�8NA<G<BA�������E847

,KREJC�@=P=�BNKI�=�@ARE?A�PD=P�D=O�>AAJ�KLAJA@�EJPK�=�IAIKNU�HK?=PEKJ�@A\JA@�EJ

UKQN�LNKCN=I�

�8NA<G<BA�������JE<G8

,KREJC�@=P=�BNKI�=�IAIKNU�HK?=PEKJ�@A\JA@�EJ�UKQN�LNKCN=I�PK�=�@ARE?A�PD=P�D=O

>AAJ�KLAJA@�

�8NA<G<BA�������6?BF8
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LNKCN=I�O	��2PQ@U�PDA�OKQN?A�?K@A�\HA�O	�EJ�?KJFQJ?PEKJ�SEPD�KPDAN�HA=NJEJC�I=PANE=HO�

� Demo�Array�Display�Function.cpp(http://www.opentextbooks.org.hk/system/files/resource/5/526
7/5884/media/Demo_Array_Display_Function.cpp)
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cout Ç  long(&age);
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// prototype

void process values(int qty dimes, int qty quarters, double &value

dimes, double &value quarters);

// variable definitions

int dimes = 45;

int quarters = 33;

double value dimes;

double value quarters;

// somewhere in the function main

process values(dimes, quarters, value dimes, value quarters);

// definition of the function

void process values(int qty dimes, int qty quarters, double &value

dimes, double &value quarters);

{

value dimes = dimes * 0.l0;

value quarters = quarters * 0.25;

}

Note: The ampersand must appear in both the prototype and the function

definition but it does not appear in the function call.
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int * int pointer = &age;
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// prototype

void process values(int qty dimes, int qty quarters, double * ptr

value dimes, double * ptr value quarter

// variable definitions

int dimes = 45;

int quarters = 33;

double value dimes;

double value quarters;

double * ptr value dimes = &value dimes;

double * ptr value quarters = &value quarters;

// somewhere in the function main

process values(dimes, quarters, ptr value dimes, ptr value quarters);

// definition of the function

void process values(int qty dimes, int qty quarters, double * ptr

value dimes, double * ptr quarters);

{

* ptr value dimes = dimes * 0.l0;

* ptr value quarters = quarters * 0.25;

}

Note: The asterisk and must appear in both the prototype and the function

definition when
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int ages[J = {47, 45, l8, ll, 9};

cout Ç ages[3J;

cout Ç *(ages + 3);
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� Demo�Pointer�Passing.cpp(http://www.opentextbooks.org.hk/system/files/resource/5/5267/597
2/media/Demo_Pointer_Passing.cpp)
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3 billion or 3 GHz is:                  3,000,000,000

l quadrillion or l pedaflop is: l,000,000,000,000,000
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� Linear�to�Parallel�Calculator(http://www.opentextbooks.org.hk/system/files/resource/5/5267/60
26/media/Demo_Linear_to_Parallel.exe)

� Parallel�Speed�Demonstration�Program(http://www.opentextbooks.org.hk/system/files/resourc
e/5/5267/6026/media/Demo_Parallel_Speed.exe)
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PR
OPERATOR

NAME
SYMBOL(S) COMMENTS ASSOICIATIVITY

1 function call () Left to Right

1 index []
aka array

index

2 class member . a period Right to Left

2
postfx

increment
++ unary

2
postfx

decrement
-

unary, two

minus signs

3 indirection *
unary, aka

dereference
Right to Left

3 address & unary

3 unary positive +
unary, aka

plus

3
unary

negative
-

unary, aka

minus

3
prefx

increment
++ unary

3
prefx

decrement
-

unary, two

minus signs

3 cast (type) unary

3 sizeof
sizeof

(type)
unary

3 logical NOT ! unary

Table 26.1 Operators
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4 multiply * Left to Right

4 divide /

4 modulus % remainder

5 add + Left to Right

5 subtract -

6 insertion Ç

writing, two

less than

signs

Left to Right

6 extraction È

reading,

two greater

than signs

7 less than < Left to Right

7 greater than >

7
less than or

equal to
<=

7
greater than

or equal to
>=

8 equality == equal to Left to Right

8 inequality != not equal to

9 logical AND && Left to Right

10 logical OR || Left to Right

11 conditional ? : trinary Left to Right

12 assignment = Right to Left

Table 26.1 Operators
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12
addition

assignment
+=

12
subtraction

assignment
-=

12
multiplication

assignment
*=

12
division

assignment
/=

12
modulus

assignment
%=

13
sequence or

comma
, Left to Right

Table 26.1 Operators
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and double not eq throw

and eq dynamic cast operator true

asm else or try

auto enum or eq typedef

bitand explicit private typeid

bitor extern protected typename

bool false public union

break float register unsigned

case fro reinterpret-cast using

catch friend retu rn virtual

char goto short void

class if signed volatile

compl inline sizeof wchar t

const int static while

const-cast long static cast xor

continue mutable struct xor eq

default namespace switch

delete new template

do not this

Table 26.2 C++ Reserved Keywords

305



������+�QQ��;4E46G8E�+8G

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

!2#``�OP=J@O�BKN�!IANE?=J�2P=J@=N@�#K@A�BKN�`JBKNI=PEKJ�`JPAN?D=JCA��LNKJKQJ?A@

�=OG
GAU�	��#KILQPANO�?=J�KJHU�QJ@ANOP=J@�JQI>ANO��OK�=J�!2#``�?K@A�EO�PDA

JQIANE?=H�NALNAOAJP=PEKJ�KB�=�?D=N=?PAN�OQ?D�=O��=��KN�� ��KN�=J�=?PEKJ�KB�OKIA�OKNP�

!2#``�S=O�@ARAHKLA@�=�HKJC�PEIA�=CK�=J@�JKS�PDA�JKJ
LNEJPEJC�?D=N=?PANO�=NA�N=NAHU

QOA@�BKN�PDAEN�KNECEJ=H�LQNLKOA��3DA�\NOP����R=HQAO����PK���	�=J@�PDA�H=OP�R=HQA�����	�=NA

PDA�JKJ
LNEJPEJC�?D=N=?PANO�

2ARAN=H�OKBPS=NA�LNK@Q?PO�?=J�>A�QOA@�PK�?NA=PA�=J�!2#``�PATP�\HA�

[ -KPAL=@�SEPDEJ�6EJ@KSO�.2�=J@�EP�QOAO�>U�@AB=QHP�PDA��PTP�ATPAJOEKJ�

[ ,E?NKOKBP�6KN@�>U�O=REJC�PDA�\HA�=O��PATP�KJHU��=J@�EP�QOAO�>U�@AB=QHP�PDA��PTP

ATPAJOEKJ�

[ `JPACN=PA@�$ARAHKLIAJP�%JRENKJIAJP��`$%	�?KILHEANO�BKN�IKOP�LNKCN=IIEJC

H=JCQ=CAO�QOQ=HHU�O=RA�OKQN?A�?K@A�=O�!2#``�PATP�\HAO�>QP�PDAU�SEHH�QOA�=J

ATPAJOEKJ�PD=P�@AO?NE>AO�PDA�?KJPAJP�KB�PDA�PATP�\HA��%T=ILHA��#���QOQ=HHU�QOAO

�?LL�=O�PDA�ATPAJOEKJ�

3DA�BKHHKSEJC�SA>�HEJGO�LNKRE@A�IKNA�EJBKNI=PEKJ�=J@�P=>HAO�HEOPEJC�PDA�!2#``

#D=N=?PAN�2AP�

DPPL���=O?EEOAP�?KI�

DPPL���SSS�=O?EEP=>HA�?KI�

DPPL���AJ�SEGELA@E=�KNC�SEGE�!2#``

�����+;BJ�#<78�!<?8� KG8AF<BAF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

"U�@AB=QHP��\HA�ATPAJOEKJO�BKN�GJKSJ�\HA�PULAO�=NA�DE@@AJ�EJ�6EJ@KSO�KLAN=PEJC

OUOPAIO��(KSARAN��UKQ�?=J�?D=JCA�PDEO�OAPPEJC�OK�PD=P�\HA�ATPAJOEKJO�=NA�ODKSJ�BKN�=HH

\HA�PULAO��"AEJC�=>HA�PK�OAA�\HA�ATPAJOEKJO�?=J�>A�RANU�DAHLBQH�BKN�OPQ@AJPO�P=GEJC

?KILQPAN�?KQNOAO�>A?=QOA�PDKOA�?KQNOA�EJOPNQ?PEKJO�KBPAJ�NABAN�PK�\HA�ATPAJOEKJO�

!HH�6EJ@KSO�KLAN=PEJC�OUOPAIO�J=REC=PA�UKQ�PK�PDA��&KH@AN�.LPEKJO��IAJQ��PDAJ�D=RA

UKQ�OAHA?P�PDA��5EAS��P=>��`J@AA@�PDA�>KT�EO�E@AJPE?=H�EJ�6EJ@KSO�7/��6EJ@KSO�5EOP=

=J@�6EJ@KSO���

306

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://asciiset.com/
http://www.asciitable.com/
http://en.wikipedia.org/wiki/ASCII
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


!<:HE8����� �!B?78E�(CG<BAF��@8AH

3DA�?DA?G�EJ�PDA�>KT�=?PO�HEGA�=�PKCCHA�OSEP?D��6EPD�=�?DA?G�LNAOAJP��EP�SEHH�DE@A�GJKSJ

\HA�PULAO��6EPDKQP�PDA�?DA?G�LNAOAJP��EP�SEHH�ODKS�=HH�\HA�PULAO��#HE?G�KJ�PDA�>KT�PK

I=GA�PDA�?DA?G�=LLA=N�9DE@A�\HA�ATPAJOEKJO;�KN�@EO=LLA=N�9ODKS�\HA�ATPAJOEKJO;�=J@

PDAJ�OAHA?P��.*��

`JOPNQ?PEKJO�BKN�J=REC=PEJC�PK�PDA��&KH@AN�.LPEKJO��BKN�R=NEKQO�6EJ@KSO�KLAN=PEJC

OUOPAIO�=HKJC�SEPD�=J�`JPANJAP�HEJG�BKN�=@@EPEKJ=H�DAHL�=NA�LNKRE@A@�>AHKS�

�������/<A7BJF�0)

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6EPD�PDA�6EJ@KSO�%TLHKNAN�KLAJ��OHA?P�PDA��3KKHO��P=>�=J@�PDAJ��&KH@AN�.LPEKJO��

+EJG�BKN�=@@EPEKJ=H�DAHL�(ANA �DPPL���SSS�BHAEJBK�JAP�DAHL�SEJ@KSO
ODKS
ATPAJOEKJ

O�DPIH����KN���DPPL���@KPSD=P�JAP�L=CA�@EOLH=UATPAJOEKJO�	

307

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://www.fleinfo.net/help/windows-show-extensions.html8%20or%20http://dotwhat.net/page/displayextensions/
http://www.fleinfo.net/help/windows-show-extensions.html8%20or%20http://dotwhat.net/page/displayextensions/
http://www.fleinfo.net/help/windows-show-extensions.html8%20or%20http://dotwhat.net/page/displayextensions/


�������/<A7BJF�.<FG4

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

2AHA?P�PDA��2P=NP��>QPPKJ��PDAJ��#KJPNKH�/=JAH���PDAJ��!LLA=N=J?A�=J@�/ANOKJ=HEV=PEKJ�

=J@�PDAJ��&KH@AN�.LPEKJO��

+EJG�BKN�=@@EPEKJ=H�DAHL�(ANA �DPPL���SEJ@KSO�IE?NKOKBP�?KI�AJ
QO�SEJ@KSO
REOP=�2DK

S
KN
DE@A
BEHA
J=IAATPAJOEKJOH	

�������/<A7BJF��

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

2AHA?P�PDA��2P=NP��>QPPKJ��PDAJ��#KJPNKH�/=JAH��=J@�PDAJ��&KH@AN�.LPEKJO��

+EJG�BKN�=@@EPEKJ=H�DAHL�(ANA �DPPL���I=TEIQIL?CQE@AO�?KI�SEJ@KSO
��DE@A
BEHA
ATPA

JOEKJO�	

������6478@<6�BE�+6;B?4FG<6��<F;BA8FGL

�������QAGEB7H6G<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�NAH=PEKJODEL�>APSAAJ�B=?QHPU�=J@�OPQ@AJPO�D=O�=HS=UO�>AAJ�KJA�KB�KLAJ�=J@

DKJAOP�?KIIQJE?=PEKJ��3DA�B=?QHPU�IAI>AN�?=NNEAO�PDA�NAOLKJOE>EHEPU�KB�LNAOAJPEJC

?KQNOA�I=PANE=HO�RE=�NA=@EJC�=OOECJIAJPO��HA?PQNAO��H=>O��AP?��3DA�OPQ@AJP�EO�PK�HA=NJ

=J@�QJ@ANOP=J@�PDAOA�I=PANE=HO��!@@EPEKJ=HHU��PDA�B=?QHPU�IAI>ANO�AILHKU�R=NEKQO

IAPDK@O�PK�=OOAOO�PDA�OPQ@AJP�O�I=OPANU�KB�PDA�?KQNOA�I=PANE=HO��&NAMQAJPHU�PDEO�EO

@KJA�RE=�MQEVVAO��PAOPO��SNEPEJC�=OOECJIAJPO��PDA�?KILHAPEKJ�KB�H=>�I=PANE=HO��AP?�

!?=@AIE?�@EODKJAOPU��OKIAPEIAO�?=HHA@��2?DKH=OPE?�$EODKJAOPU�	�EO�PDA�REKH=PEKJ�KB

PD=P�PNQOP�

#DA=PEJC�KJ�MQEVVAO�=J@�PAOPO�=O�SAHH�=O�LH=CE=NEOI�EO�QOQ=HHU�SAHH�QJ@ANOPKK@�>U

OPQ@AJPO�>ABKNA�=NNEREJC�=P�PDA�?KHHACE=PA�HARAH�KB�A@Q?=PEKJ��,KOP�?KHHACAO�EJ?HQ@A

=@AMQ=PA�ATLH=J=PEKJ�EJ�PDAEN�OPQ@AJP�D=J@>KKG�ATLH=EJEJC�SAHH�SD=P�?KJOPEPQPAO

?DA=PEJC�KJ�AT=IO�=J@�LH=CE=NEOI��!?=@AIE?�@EODKJAOPU�KBPAJ�?=NNEAO�OKIA�OPE_

LAJ=HPEAO��4OQ=HHU��PDA�OPQ@AJP�NA?AERAO�PDA�CN=@A�KB��&��BNKI�PDA�LNKBAOOKN�EJ�PDA

?KQNOA�EJ�SDE?D�DA�EO�AJNKHHA@��3DA�OPQ@AJP�IECDP�>A�ATLAHHA@�BNKI�=HH�KB�PDAEN�?H=OOAO

BKN�SDE?D�PDAU�=NA�?QNNAJPHU�AJNKHHA@���&��EJ�=HH�KB�UKQN�?H=OOAO	�=J@�ATLAHHA@�BNKI�PDA

EJOPEPQPEKJ��I=U�JKP�NACEOPAN�BKN�?H=OOAO�EJ�PDA�BQPQNA	��2KQJ@O�D=NOD��>QP�EP�EO�=

REKH=PEKJ�KB�PDA5BA7�B9�GEHFG>APSAAJ�PDA�OPQ@AJP�=J@�PDA�A@Q?=PEKJ=H�EJOPEPQPEKJ�

308

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://windows.microsoft.com/en-us/windows-vista/Show-or-hide-file-nameextensionsl
http://windows.microsoft.com/en-us/windows-vista/Show-or-hide-file-nameextensionsl
http://windows.microsoft.com/en-us/windows-vista/Show-or-hide-file-nameextensionsl
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://maximumpcguides.com/windows-7/hide-file-extensions/
http://maximumpcguides.com/windows-7/hide-file-extensions/
http://maximumpcguides.com/windows-7/hide-file-extensions/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


��������B??HF<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

!JKPDAN�?=PACKNU�KB�=?=@AIE?�@EODKJAOPU�EO�?KHHQOEKJ�SDE?D�EO�PDA�QJ=QPDKNEVA@

?KHH=>KN=PEKJ�SEPD�=JKPDAN�LANOKJ�EJ�LNAL=NEJC�SNEPPAJ�SKNG��EJ?HQ@EJC�H=>

=OOECJIAJPO	�K_ANA@�BKN�?NA@EP��?KQJPEJC�PKS=N@O�UKQN�CN=@A�?=H?QH=PEKJ	��3K�>APPAN

QJ@ANOP=J@�?KHHQOEKJ��OPQ@AJPO�JAA@�PK�NA=HEVA�PD=P�=O�L=NP�KB�PDA�HA=NJEJC�=J@

AR=HQ=PEKJ�KB�PD=P�HA=NJEJC��I=JU�LNKBAOOKNO�QOA�CNKQL�LNKFA?PO��=�@ENA?PA@�KN

=QPDKNEVA@�?KHH=>KN=PEKJ��.BPAJ�OPQ@AJPO�=NA�AJ?KQN=CA@�PK�BKNI�OPQ@U�CNKQLO�PK�DAHL

@EO?QOO�PDA�?KQNOA�I=PANE=HO�PDQO�EILNKREJC�PDA�HA=NJEJC�LNK?AOO��3DAOA�=QPDKNEVA@

=J@�OKIAPEIAO�@ENA?PA@�=?PEREPEAO�=NA�JKP�?KHHQOEKJ�

3DA�BKHHKSEJC�@EO?QOOEKJ�EO�PK�DAHL�PDA�OPQ@AJP�QJ@ANOP=J@�?KHHQOEKJ��QJ=QPDKNEVA@

?KHH=>KN=PEKJ	�SEPD�OLA?E\?�NABANAJ?A�PK�?KQNOAO�PD=P�QOA�?KILQPANO��3DEO�EO�JKP�=J�=HH

EJ?HQOERA�HEOP��>QP�SEHH�?KRAN�PDA�?KIIKJ�OEPQ=PEKJO�PD=P�B=?QHPU�D=RA�AJ?KQJPANA@�KRAN

PDA�UA=NO��4JHAOO�UKQN�OLA?E\?�LNKBAOOKN�EJBKNIO�UKQ�@E_ANAJPHU��UKQ�=NA�PK�=OOQIA

PD=P�PDA�BKHHKSEJC�EPAIO�@EO?QOOA@�=NA�?KHHQOEKJ�

�������,LC8�<G�1BHEF8?9

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+=>�=OOECJIAJPO�=NA�PK�>A�UKQN�KSJ�LANOKJ=H�PULEJC�A_KNPO��3D=P�EO�UKQ�=NA�PK�PULA

PDAI�KN�I=GA�PDA�IK@E\?=PEKJO�UKQNOAHB�PK�PDA�\HAO��@K?QIAJPO��OLNA=@ODAAPO�

@=P=>=OAO��LNKCN=IIEJC�OKQN?A�?K@A��AP?�	�`B�UKQN�?KQNOA�EO�=�LNKCN=IIEJC�OQ>FA?P�

UKQ�=NA�PK�NQJ�PDA�OKQN?A�?K@A�\HA�KJ�UKQN�?KILEHAN��I=GEJC�?KNNA?PEKJO�=O�JAA@�PK

?KILHAPA�PDA�H=>�=OOECJIAJP��`B�PDA�@ENA?PEKJO�BKN�=J�=OOECJIAJP�EJ?HQ@A�OP=NPEJC�=

JAS�\HA�PDAJ�@KJ�P�QOA�=J�ATEOPEJC�\HA�=J@�IK@EBU�EP�PK�?KILHAPA�PDA�=OOECJIAJP�

-A?8FF�FC86<N64??L�4HG;BE<M87�5L�LBHE�CEB98FFBE
�FGH78AGF�F;BH?7�ABG�6B@C?8G8

6B@CHG8E<M87�6BHEF8�JBE>�4F�4�G84@�BE�:EBHC�4A7�G;8A�F;4E8�G;8�NA4?

6B@C?8G87�CEB7H6G�

2PQ@AJPO�D=RA�O=E@�PD=P�PDAU�SKNGA@�=O�=�PA=I�KN�CNKQL�=J@�PD=P�=HH�L=NPE?EL=PA@�=J@

=HH�HA=NJA@�PDA�I=PANE=HO��$KJ�P�PNU�PDEO�AT?QOA�>A?=QOA�LNKBAOOKNO�@KJ�P�>QU�EP��(ANA�EO

PDA�LNK>HAI��/=NP�KB�PDA�HA=NJEJC�LNK?AOO�EO�EJ�UKQ�@KEJC�EP�UKQNOAHB��%T=ILHA��`�=OG�PSK

OPQ@AJPO�PK�I=GA�IA�OKIA�L=J?=GAO�BKN�>NA=GB=OP��`�ATLA?P�PSK�EJ@ERE@Q=HHU�LNAL=NA@

LH=PAO�KB�L=J?=GAO��KJA�BNKI�A=?D�KB�PDAI	�BKN�IU�>NA=GB=OP��3DA�LNKBAOOKN�NA=HHU

@KAO�JKP�S=JP�PK�A=P�PSK�LH=PAO�KB�L=J?=GAO��KN����PK�����LH=PAO�KB�L=J?=GAO�

@ALAJ@EJC�KJ�DKS�I=JU�OPQ@AJPO�PDAU�=NA�PA=?DEJC	��>QP�L=NP�KB�UKQN�@ENA?PA@

HA=NJEJC�=?PEREPU�BKN�PDA�?KQNOA�EO�PK�@AIKJOPN=PA�PD=P�UKQ�?=J�I=GA�L=J?=GAO��JKP

S=P?D�OKIAKJA�AHOA�I=GA�L=J?=GAO�KN�L=NPE?EL=PA�=O�=�CNKQL�PK�I=GA�L=J?=GAO	�

309

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


��������BAGEB?��668FF�GB�1BHE�!<?8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

#KJPNKHHEJC�PDA�\HAO�UKQ�?NA=PA��KN�=NA�@ENA?PA@�PK�IK@EBU	�IA=JO�PD=P�KPDANO�SEHH�JKP

D=RA�=??AOO�PK�?KLU�UKQN�SKNG��`J�KPDAN�SKN@O��@KJ�P�OD=NA�UKQN�\HAO�

2PQ@AJPO�D=RA�O=E@�PD=P�PDAU�OD=NA@�PDA�\HA�OK�PDAU�PDA�KPDAN�OPQ@AJP�?KQH@�OAA�DKS

PDA�?KILHAPA@�=OOECJIAJP�ODKQH@�HKKG��$KJ�P�PNU�PDEO�AT?QOA�>A?=QOA�LNKBAOOKNO�@KJ�P

>QU�EP��(ANA�EO�PDA�LNK>HAI��6DAJ�UKQ�OD=NA�PDA�\HA�UKQ�OD=NA�UKQN�PULEJC�A_KNPO��KN

UKQN�KNECEJ=H�SKNG�=J@�UKQN�A_KNPO�PK�?NA=PA�PD=P�KNECEJ=H�SKNG	��"=?G�PK�KQN�L=J?=GA

AT=ILHA���`�KJHU�C=RA�PDA�KPDAN�OPQ@AJP�=�LH=PA�KB�?KILHAPA@�L=J?=GAO��OK�DA�?KQH@

OAA�SD=P�PDA�AJ@�LNK@Q?P�ODKQH@�>A���!HH�PDA�KPDAN�OPQ@AJP�@KAO�EO�=@@�OKIA�>HQA

>ANNEAO�=J@�SDEL�?NA=I��`B�=�OPQ@AJP�I=GAO�IEJKN�IK@E\?=PEKJO�PK�UKQN�SKNG

�?D=JCAO�PDA�OLKPO�SDANA�DEO�J=IA�EO�=P	�=J@�PQNJO�EP�EJ�=O�DEO�SKNG�UKQ�SEHH�>A

EJ?HQ@A@�EJ�PDA�?D=NCA�KB�=?=@AIE?�@EODKJAOPU�-A?8FF�FC86<N64??L�4HG;BE<M87�5L

LBHE�CEB98FFBE
�7BA�G�F;4E8�4AL�N?8F�G;4G�LBH�6E84G8�BE�@B7<9L�J<G;�4ABG;8E

FGH78AG��8I8E
�ABG�ABJ�4A7�ABG�<A�G;8�9HGHE8�

(ANA�=NA�PSK�OQCCAOPEKJO�BKN�?KJPNKHHEJC�=??AOO�PK�UKQN�\HAO�

6DAJ�QOEJC�=�?KQNOA�@AHERANU�OKBPS=NA�LNK@Q?P�KN�HA=NJEJC�OUOPAI��OQ?D�=O

"H=?G>K=N@�5EOP=��@KJ�P�CERA�=JKPDAN�LANOKJ�UKQN�L=OOSKN@��6EPD�PDA�L=OOSKN@��PDAU

SEHH�D=RA�=??AOO�PK�UKQN�OQ>IEPPA@�=OOECJIAJPO�EJ?HQ@EJC�PDA�\HAO�PD=P�UKQ�?NA=PA@�

$KJ�P�HA=RA�UKQN�\HAO�KJ�=�I=?DEJA�SDANA�KPDANO�I=U�D=RA�=??AOO�PK�PDAI��`B�IQHPELHA

OPQ@AJPO�=NA�QOEJC�KN�D=RA�=??AOO�PK�PDA�O=IA�I=?DEJA��KBPAJ�D=LLAJO�SEPD�OPQ@AJPO

HEREJC�EJ�PDA�O=IA�DKQOADKH@�DQO>=J@�SEBA��OE>HEJCO�KN�NKKII=PAO	�KN�EJ�=J�KJ


?=ILQO�?KQNOA�SDANA�I=JU�OPQ@AJPO�SEHH�D=RA�=??AOO�PK�PDA�I=?DEJAFGBE8�LBHE�N?8F

BA�4�O4F;�7E<I8� /DUOE?E=HHU�?KJPNKH�SDK�CAPO�=??AOO�PK�UKQN�]=OD�@NERA

��������F>�9BE�4��?4E<N64G<BA�B9�G;8��B??45BE4G<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

`B�UKQ�D=RA�=JU�MQAOPEKJ�=>KQP�=J�=?PEREPU�PD=P�IECDP�>A�?KJOPNQA@�=O�QJ=QPDKNEVA@

?KHH=>KN=PEKJ��=OG�UKQN�LNKBAOOKN��3DAU�SEHH�LNKRE@A�?H=NE\?=PEKJ�=J@�@ENA?PEKJ�PK�UKQ

=>KQP�PDA�=?PEREPU�

2PQ@AJPO�D=RA�O=E@�PD=P�PDAU�@E@�JKP�QJ@ANOP=J@�KN�PDEJG�PD=P�EP�S=O�QJ=QPDKNEVA@

?KHH=>KN=PEKJ��$KJ�P�PNU�PDEO�AT?QOA�>A?=QOA�LNKBAOOKNO�@KJ�P�>QU�EP��(ANA�EO�PDA

LNK>HAI��6A�?=J�P��=J@�SKJ�P�HEOP�ARANU�IEJKN�S=U�EJ�SDE?D�OPQ@AJPO�?=J�?KHHQ@A�,;8

5HE78A�<F�9BE�LBH�GB�4F>�9BE�4AL�6?4E<N64G<BA�9BE�G;8�FC86<N6�6BHEF8�9EB@�LBHE

CEB98FFBE�$KJ�P�=OOQIA�PD=P�SD=P�=JKPDAN�EJOPNQ?PKN�=HHKSA@�EJ�=JKPDAN�?KQNOA�SEHH

>A�=HHKSA@�>U�PDEO�LNKBAOOKN�EJ�PDEO�?KQNOA�

310

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


��������8G86G<A:��6478@<6��<F;BA8FGL

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

/NKBAOOKNO�SANAJ�P�>KNJ�UAOPAN@=U��3DA�B=?QHPU�IAI>ANO�KB�IKOP�EJOPEPQPEKJO�D=RA

EJ@ERE@Q=HHU�UA=NO�=J@�?KHHA?PERAHU�PDKQO=J@O�KB�UA=NO�=P�QJ@ANOP=J@EJC�=?=@AIE?

@EODKJAOPU��#DA=PEJC�KJ�PAOPO��LH=CE=NEOI�=J@�?KHHQOEKJ�=NA�JKP�JAS�PK�QO��6A�OD=NA

KQN�ATLANPEOA�SEPD�A=?D�KPDAN�=P�@APA?PEJC�=?=@AIE?�@EODKJAOPU��!@@EPEKJ=HHU��PDA

UA=NO�KB�PA?DJE?=H�?KILQPAN�ATLANEAJ?A�KB�LNKBAOOKNO�SDK�PA=?D�QOEJC�?KILQPANO�EJ

H=>�OAPPEJCO�EO�KBPAJ�=OPKQJ@EJC�

2PQ@AJPO�D=RA�O=E@�PD=P�PDAU�@E@�JKP�PDEJG�PDAU�?KQH@�>A�@APA?PA@�KN�PD=P�=?=@AIE?

@EODKJAOPU�?KQH@�JKP�>A�LNKRA@��$KJ�P�PNU�PDEO�=LLNK=?D�>A?=QOA�LNKBAOOKNO�>AHEARA

PD=P�PDAU�=NA�OHECDPHU�OI=NPAN��!?PQ=HHU��SA�GJKS�PD=P�SA�=NA�=�HKP�OI=NPAN��`P�=I=VAO

QO�PD=P�OPQ@AJP�@KJ�P�NA=HEVA�PD=P�LNKBAOOKNO�=NA�=�BKNIE@=>HA�BKN?A��BA�G�:4@5?8

G;4G�LBH�64A�584G�HF�4G�G;8���6478@<6��<F;BA8FGL�"4@8���/HA=OA�@KJ�P�P=GA�PDEO�=O

=�?D=HHAJCA�=J@�QOA�EP�=O�=J�AT?QOA�PK�OAA�EB�UKQ�?=J�>A�=?=@AIE?=HHU�@EODKJAOP�=J@

JKP�CAP�?=QCDP��6A�=NA�S=NJEJC�UKQ��JKP�?D=HHAJCEJC�UKQ�

�������+8E<BHF��BAF8DH8A68F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�?KJOAMQAJ?AO�SEHH�R=NU�BNKI�EJOPNQ?PKN�PK�EJOPNQ?PKN�=J@�BNKI�EJOPEPQPEKJ�PK

EJOPEPQPEKJ��3DAU�N=JCA�BNKI�=�OEILHA�OH=L�KJ�PDA�D=J@��@KJ�P�@K�EP�=C=EJ	�PK�?KILHAPA

ATLHQOEKJ�BNKI�PDA�EJOPEPQPEKJ��ATLAHHA@�BNKI�=HH�KB�UKQN�?KQNOAO	��"A?=QOA�PDA5BA7�B9

GEHFGEO�>NKGAJ��I=JU�EJOPNQ?PKNO�SEHH�OEILHU�ATLAH�UKQ�BNKI�PDA�?KQNOA�UKQ�=NA�P=GEJC�

!O�=J�AT=ILHA��6EPDEJ�PDA�"#`2�����?KQNOA�=P�(KQOPKJ�#KIIQJEPU�#KHHACA��SA

ATLAHHA@���OPQ@AJPO��=HKJC�SEPD�CEREJC�PDAI�PDA�CN=@A�KB��&�	�BNKI�$EOP=J?A�%@Q?=PEKJO

OA?PEKJO�@QNEJC�PDA�2LNEJC������PANI�BKN�!?=@AIE?�$EODKJAOPU�

"A�NA=@U�BKN�SD=P�ARAN�PDA�?KJOAMQAJ?AO�UKQN�EJOPNQ?PKN�SEHH�@AHERAN�EB�UKQ�=NA

@EODKJAOP�

�������+H@@4EL

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

[ 3DA�APDE?O�KB�=?=@AIE?�DKJAOPU��PDANA�EO�=�>KJ@�KB�PNQOP�PD=P�SD=PARAN�PDA

OPQ@AJP�@KAO�EJ�NAH=PEKJODEL�PK�PDA�AR=HQ=PEKJ�LNK?AOO�=NA�PDAEN�KSJ�SKNG�=J@

ABKNPO�

[ #KHHQOEKJ�EO�PDA�QJ=QPDKNEVA@�?KHH=>KN=PEKJ�KB�OPQ@AJPO�KJ�SKNG�OQ>IEPPA@�BKN

AR=HQ=PEKJ�

[ &ENOP�@ENA?PERA��3ULA�EB�UKQNOAHB

[ 2A?KJ@�@ENA?PERA��$KJ�P�OD=NA�UKQN�\HAO

[ 2AAG�?H=NEB?=PEKJ�BNKI�UKQN�LNKBAOOKN�EB�UKQ�D=RA�=JU�@KQ>P�PD=P�PDA�?KHH=>KN=PERA

=?PEREPU�IECDP�>A�?KJOE@ANA@�?KHHQOEKJ�

311

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


[ /NKBAOOKNO�=NA�RANU�?=L=>HA�=P�@APA?PEJC�=?=@AIE?�@EODKJAOPU�

[ 3DANA�=NA�QOQ=HHU�?KJOAMQAJ?AO�PK�UKQN�@EODKJAOP�>AD=REKN�

�����+H668FF9H?�%84EA<A:�+><??F

�������*84?<M8�G;8�,<@8��B@@<G@8AG

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

#KHHACA�?KILQPAN�?KQNOAO�KBPAJ�=NA�HEOPA@�EJ�PDA�?=P=HKC�KB�?KQNOAO�SEPD�>KPD�HA?PQNA

=J@�H=>�DKQNO��"QP�QJHEGA�PDA�J=PQN=H�=J@�>EKHKCE?=H�O?EAJ?AO��?DAIEOPNU��LDUOE?O�=J@

>EKHKCU	�PD=P�IQOP�IAAP�EJ�=�OLA?E\?�H=>�NKKI�@AOECJA@�BKN�PDKOA�?KQNOAO��OPQ@AJPO

?=J�QOQ=HHU�?KILHAPA�PDAEN�H=>�LKNPEKJO�=P�=�R=NEAPU�KB�HK?=PEKJO��PDA�?KHHACA�O�?KILQPAN

H=>��DKIA��SKNG��LQ>HE?�HE>N=NU��BNEAJ@�O�DKQOA��AP?�	�

3DA�JKNI=H�NQHA�KB�PDQI>�EO���PK�����DKQNO�KQP�KB�?H=OO�OPQ@UEJC�BKN�ARANU�DKQN�EJ�?H=OO

=J@�BKN�?KILQPAN�?KQNOAO�PDEO�JKNI=HHU�IA=JO�>KPD�PDA�HA?PQNA�=J@�H=>�DKQNO�

2PQ@AJPO�SEPD�HA=NJEJC�@EO=>EHEPEAO�KN�PDKOA�SDKOA�LNEI=NU�H=JCQ=CA�EO�JKP�%JCHEOD�SEHH

S=JP�PK�LH=J�BKN�IKNA�OPQ@U�PEIA�=J@�ODKQH@�QOA�=�H=NCAN�N=PEK��3DQO��UKQ�ODKQH@

?=H?QH=PA�PDA�SAAGHU�DKQNO�KB�?KIIEPIAJP�JAA@A@�BKN�=�?KQNOA�@ALAJ@EJC�KJ�UKQN

?EN?QIOP=J?AO��%T=ILHA�

`B�=�OPQ@AJP�EO�P=GEJC�=���?NA@EP�DKQN�?KILQPAN�?KQNOA�PD=P�PDA�?KHHACA�?=P=HKC�O=UO

?KJP=EJO�=�?KI>EJ=PEKJ�KB���DKQNO��=@@EJC�UKQN�HA?PQNA�=J@�H=>�DKQNO	�@QNEJC�=�NACQH=N

���SAAG�OAIAOPAN��PDA�SAAGHU�?H=OONKKI�=J@�OPQ@U�PEIA�BKN�PD=P�?KQNOA�SKQH@�>A���

PK����DKQNO�=�SAAG�

"QP�I=JU�OPQ@AJPO�P=GA�?KQNOAO�=P�=�B=OPAN�L=?A�>U�AEPDAN�P=GEJC�=�?KQNOA�>APSAAJ

OAIAOPANO�EJ�=�RANU�?KJ?AJPN=PA@�IK@A��OP=NPEJC�=�?KQNOA�=BPAN�PDA�NACQH=N�OP=NP�KB�=

OAIAOPAN�KN�@QNEJC�PDA�OQIIAN��3K�?=H?QH=PA�PDA�SAAGHU�OPQ@U�PEIA�JAA@A@�UKQ�SEHH

JAA@�PK�?=H?QH=PA�PDA�PKP=H�NACQH=N�OAIAOPAN�EJOPNQ?PEKJ=H�PEIA�=J@�@ERE@A�>U�PDA

JQI>AN�KB�SAAGO�EJ�PDA�B=OPAN�L=?A�@AHERANU��%T=ILHA�

.QN���?NA@EP�DKQN�?KQNOA�EO�PK�>A�P=GAJ�@QNEJC�=�OQIIAN�PANI�PD=P�D=O���SAAGO�KB

EJOPNQ?PEKJ�PEIA��3DA�PKP=H�NACQH=N�OAIAOPAN�PEIA�SKQH@�>A����PEIAO�PDA�JKNI=H

OAIAOPAN�?KIIEPIAJP������PK�����DKQNO	��$ERE@EJC�EP�>U���SKQH@�IA=J����PK����DKQNO

LAN�SAAG�

�������-A78EFG4A7�1BHE��4C46<GL�GB��BA68AGE4G8

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

8KQ�?=JJKP�ATLA?P�PK�OLAJ@�HKJC�LANEK@O�KB�PEIA�SKNGEJC�KJ�?KILQPAN�?KQNOA

I=PANE=HO��!BPAN���PK���DKQNO�KB�SKNGEJC�KJ�?KQNOA�I=PANE=HO��UKQN�=>EHEPU�PK�HA=NJ�@NKLO

OECJE\?=JPHU��=J@�BKN�IKOP�PK�JA=N�VANK	��3DEO�LNK>HAI�EO�?KILKQJ@A@�>U�PDA�J=PQNA�KB

PDA�I=PANE=H�SDE?D�EO�?QIQH=PERA�EJ�J=PQNA��3DEO�IA=JO�PD=P�UKQ�IQOP�QJ@ANOP=J@�EPAI

=�>ABKNA�UKQ�PNU�PK�HA=NJ�EPAI�>��!HH�KB�PDA�I=PD�=J@�O?EAJ?AO�?KQNOAO�KB�OPQ@U�=NA�KB

PDEO�J=PQNA�

312

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


�������)?4A�*8:H?4E�+GH7L�,<@8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3DA�?KI>EJ=PEKJ�KB�PDA�PEIA�?KIIEPIAJP�=J@�UKQN�=>EHEPU�PK�?KJ?AJPN=PA�HA=@O�PK�PDA

?KJ?HQOEKJ�PD=P�UKQ�?=JJKP�?N=I�UKQN�OPQ@U�PEIA�EJPK�=�SAAG
AJ@�KB�?KJ?AJPN=PA@

OPQ@U��8KQ�IQOP�>NA=G�QL�UKQN�OPQ@U�PEIA�EJPK���PK���DKQN�OPQ@U�LANEK@O�@KEJC�KJHU

KJA�OPQ@U�LANEK@�LAN�@=U��8KQ�IQOP�AOP=>HEOD�=�NACQH=N�NKQPEJA�BKN�A=?D�SAAG�

2PQ@AJPO�P=GEJC�=�NACQH=N�OAIAOPAN�?KQNOA�KJ
?=ILQO�SEHH�?KQJP�PDAEN�?H=OO��HA?PQNA

=J@�H=>	�PEIA�=J@�LH=J���PK���=@@EPEKJ=H�OPQ@U�LANEK@O�

`B�P=GEJC�=�?KQNOA�RE=�@EOP=J?A�A@Q?=PEKJ��OPQ@AJPO�JAA@�PK�LH=J�BKN�=HH�KB�PDA�?KQNOA

PEIA��PDQO�@QNEJC�=�NACQH=N�OAIAOPAN�PANI��KQN���?NA@EP�DKQN�?KQNOA�AT=ILHA�SKQH@

NAMQENA���PK���OPQ@U�LANEK@O�SEPD���PK���DKQNO�BKN�A=?D�OPQ@U�LANEK@�LAN�SAAG��`B�P=GEJC

PDA�?KQNOA�=P94FG8E�C468���SAAG�OQIIAN�PANI	�UKQ�SEHH�JAA@�PK�O?DA@QHA�IKNA

OPQ@U�PEIAO��3DEO�I=U�IA=J�=��GB���;BHE�FGH7L�C8E<B7�74<?L�9BE���74LF�4�J88>�SEPD

KJHU�KJA�@=U�KB�=O�=�@=U�KB�NAOP	�

8KQ�JAA@�PK�OP=U�KJ�PKL�KB�=�?KQNOA�PK�OQ??AOOBQHHU�?KILHAPA�EP��/=?EJC�UKQNOAHB�SEPD

IQHPELHA�OPQ@U�PEIAO�=HHKSO�BKN�A_A?PERA�HA=NJEJC��2PQ@AJPO�SDK�LNK?N=OPEJ=PA�QJPEH

?HKOA�PK�=J�AT=I�=J@�PDAJ�PNU�?N=IIEJC�PDNKQCD�?KQNOA�I=PANE=HO�=NA�N=NAHU��!�

OPQ@AJPO�

�������%84EA<A:�*8DH<E8F�.4E<8GL�4A7�*8C8G<G<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

5=NEAPU�?KIAO�EJ�I=JU�BKNIO�=J@�EJ?HQ@AO�HA?PQNA��H=>�=OOECJIAJPO��OPQ@UEJC

PATP>KKGO��IQHPE
IA@E=�I=PANE=HO��MQEVVAO��SNEPEJC�=�NAOA=N?D�L=LANO��HA=NJEJC

=?PEREPEAO�OQ?D�=O�CNKQL�@EO?QOOEKJO��?NKOOSKN@�LQVVHAO��]=OD�?=N@O��AP?��3DEO�R=NEAPU

=?PQ=HHU�DAHLO�KQN�>N=EJ�PK�QJ@ANOP=J@�=J@�>QEH@�IAIKNU��`J�=@@EPEKJ�PK�R=NEAPU�

NALAPEPEKJ��ATLKOQNA�KRAN�IQHPELHA�OPQ@U�LANEK@O	�EO�AOOAJPE=H�BKN�KQN�>N=EJO�PK�>A�=>HA

PK�HA=NJ�=J@�NA?=HH�PDA�?KQNOA�I=PANE=HO��!C=EJ��PDEO�QJ@ANOP=J@EJC�=J@�NA?=HH�=NA

AOOAJPE=H�PK�?KQNOAO�PD=P�NAMQENA�?QIQH=PERA�HA=NJEJC��UKQ�IQOP�QJ@ANOP=J@�EPAI�=

>ABKNA�UKQ�?=J�HA=NJ�EPAI�>	�

3ATP>KKGO�=J@�LNKBAOOKNO�>NA=G
QL�?KQNOA�I=PANE=HO�EJPK�?D=LPANO�KN�HA=NJEJC

IK@QHAO�KBPAJ�SEPD�HA=NJEJC�K>FA?PERAO�\NOP�=J@�NAREAS�EPAIO�=P�PDA�AJ@�KB�A=?D�QJEP�

%=?D�?D=LPAN�KN�IK@QHA�IECDP�D=RA�=JU�KB�PDA�=>KRA�IAJPEKJA@�EPAIO��"QP�@KEJC

PDEJCO�=J@�OPQ@U�=NA�@E_ANAJP��8KQ�?=J�P�FQOP�ODKS�QL�PK�?H=OO�=J@�HEOPAJ��UKQ�?=J�P�FQOP

NA=@�OPQB��UKQ�JAA@�PK�OPQ@U��2PQ@U�NAMQENAO�=�R=NEAPU�KB�=?PEREPEAO��!OG�UKQNOAHB�

[ $K�UKQ�QJ@ANOP=J@�A=?D�HA=NJEJC�K>FA?PERA�

[ #=J�UKQ�ATLH=EJ�KN�BKNIQH=PA�=J�=JOSAN�BKN�A=?D�HA=NJEJC�K>FA?PERA�

[ `B�UKQ�@E@�JKP�QJ@ANOP=J@�PDA�NA=@EJC�I=PANE=HO��@E@�UKQ�NA
NA=@�EP�

[ $K�PDA�NAREAS�EPAIO��AOLA?E=HHU�MQAOPEKJO	�

[ 3=GA�HA?PQNA�JKPAO�

313

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


[ $K�PDA�HA?PQNA�JKPAO�KN�D=J@KQPO�CERA�UKQ�=�>APPAN�QJ@ANOP=J@EJC�PD=J�PDA

PATP>KKG�

[ .BPAJ�PDA�LNK>HAIO�KN�H=>�=OOECJIAJPO�=NA�PK�>A�OPQ@EA@�EJ�?KJFQJ?PEKJ�SEPD�=J@

NAEJBKN?A�PDA�OPQ@U�I=PANE=HO��(=RA�UKQ�PNEA@�PK�@K�=J@�QJ@ANOP=J@�PDA�LNK>HAIO

KN�H=>�=OOECJIAJPO�

[ !NA�PDANA�=JU�HA=NJEJC�=?PEREPEAO�=R=EH=>HA�=J@�EB�UAO��@E@�UKQ�@K�PDAI�

[ $E@�UKQ�?KJOE@AN�QOEJC��T��?=N@O�PK�OPQ@U�@A\JEPEKJO�=J@�RK?=>QH=NU�

[ $E@�UKQ�NAREAS�PDA�HA=NJEJC�K>FA?PERAO�>ABKNA�P=GEJC�=JU�MQEVVAO�

[ `B�PDA�MQEVVAO�=NA�?KILQPANEVA@��@E@�UKQ�OPQ@U�UKQN�MQEV�NAOQHPO�

[ !BPAN�NAREASEJC�MQEV�NAOQHPO�=J@�NA
OPQ@U��@E@�UKQ�NAP=GA�PDA�MQEV�=C=EJ�EB

=R=EH=>HA�

!HH�KB�PDEO�NAMQENAO�PEIA�=J@�ABKNP�KJ�UKQN�L=NP�=O�PDA�OPQ@AJP�EJ�=JU�?KQNOA��@EOP=J?A

A@Q?=PEKJ�KN�KJ
?=ILQO	��8KQ�JAA@�OARAN=H�OPQ@U�LANEK@O�=�SAAG�PK�HA=NJ�PDA

I=PANE=HO�EJ�=JU�?KQNOA��3DA�LQNLKOA�KB�=�MQEV�EO�BKN�UKQ�PK�OAHB�=OOAOO�UKQN

QJ@ANOP=J@EJC�KB�PDA�I=PANE=HO��`B�UKQN�HA=NJEJC�EO�JKP�?KILHAPA�6;4A:8�BE�@B7<9L

LBHE�?84EA<A:�;45<GF�

�������QAG8E46G�J<G;�G;8�(G;8E�+GH78AGF

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

`J�=�JKNI=H�?H=OONKKI�OPQ@AJPO�EJPAN=?P�SEPD�A=?D�KPDAN��3DAU�KBPAJ�BKNI�OPQ@U

CNKQLO�SEPD�KPDAN�OPQ@AJPO�=J@�IAAP�NACQH=NHU�PK�DAHL�A=?D�KPDAN�OPQ@U�I=PANE=HO�

3DAOA�EJPAN=?PEKJO�EJ�IKOP�?=OAO�=NA�AOOAJPE=H�PK�PDA�HA=NJEJC�LNK?AOO��`B�UKQN�KJHU

EJPAN=?PEKJ�EO�>U�LNER=PA�?KJRANO=PEKJ�KN�LNER=PA�AI=EH�SEPD�PDA�EJOPNQ?PKN��UKQ�=NA�JKP

BQHHU�L=NPE?EL=PEJC�EJ�PDA�?KQNOA��&KN�@EOP=J?A�A@Q?=PEKJ�OPQ@AJPO��IKOP�HA=NJEJC

OUOPAIO��OQ?D�=O�"H=?G>K=N@�5EOP=	�LNKRE@A�OARAN=H�PKKHO�PK�?NA=PA�PDEO�EJPAN=?PEKJ�

3DAU�PULE?=HHU�EJ?HQ@A�=JJKQJ?AIAJPO��@EO?QOOEKJ�HEOP��AI=EH�=J@�?D=P�PKKHO�

��������BA�G�)EB6E4FG<A4G8�4A7��BA�G�"8G��8;<A7

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

6D=P�ODKQH@�UKQ�@K�EB�UKQ�CAP�>ADEJ@��/H=J�NACQH=N�OPQ@U�LANEK@O��3DA�H=?G�KB�NACQH=N

OPQ@U�LANEK@O�EO�IKOP�HEGAHU�PDA�NA=OKJ�BKN�SDU�UKQ�CKP�>ADEJ@��/H=J�SDAJ�UKQ�SEHH�@K

ATPN=�OPQ@U�LANEK@O�EJ�KN@AN�PK�?=P?D�QL�

��������GG8A7��?4FF�4A7�,4>8�'BG8F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

3=GEJC�HA?PQNA�JKPAO�=J@�>AEJC�=>HA�PK�NAREAS�PDKOA�JKPA�H=PAN�SDAJ�UKQ�=NA�OPQ@UEJC

LNKRE@AO�R=NEAPU�PD=P�EO�JAA@A@�PK�HA=NJ�I=PANE=H��)QOP�SNEPEJC�PDA�JKPAO�@KSJ�IKNA

=?PERAHU�AJC=CAO�PDA�>N=EJ��>A?=QOA�UKQ�=NA�HEOPAJEJC�=J@�SNEPEJC��"QP�UKQ�JAA@�PK

=NN=JCA�SEPD�=P�HA=OP�PSK�BAHHKS�?H=OOI=PAO�PD=P�UKQ�SEHH�=HH�P=GA�JKPAO�=J@�OD=NA�JKPAO

314

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


SEPD�A=?D�KPDAN�EB�=>OAJP��`J�=@@EPEKJ�PK�?KQNOA�I=PANE=HO��KPDAN�=@IEJEOPN=PERA�I=PPANO

=NA�@EO?QOOA@�EJ�?H=OO��OQ?D�=O�PDA�=JJKQJ?AIAJP�KB�AT=I�@=PA�?D=JCA	�

`B�UKQ�=NA�P=GEJC�=�@EOP=J?A�A@Q?=PEKJ�?KQNOA��UKQ�JAA@�PK�NACQH=NHU�AJPAN�PDA�HA=NJEJC

I=J=CAIAJP�OUOPAI��OQ?D�=O�"H=?G>K=N@�5EOP=	�=J@�NAREAS�PDA�=JJKQJ?AIAJPO�

@EO?QOOEKJ�HEOP�LKOPEJCO�=J@�NA=@��=J@�=JOSAN�EB�=LLNKLNE=PA	�AI=EH��,KOP�@EOP=J?A

A@Q?=PEKJ�LNKBAOOKNO�=OOQIA�PD=P�=JUPDEJC�DA�D=O�?KIIQJE?=PA@�RE=�PDAOA�PKKHO�SEHH

D=RA�>AAJ�NA=@�>U�PDA�OPQ@AJP�SEPDEJ���@=UO��`J�ODKNP�PDEO�IA=JO�UKQ�=NA�NAOLKJOE>HA

BKN�D=REJC�NA=@�PDA�EPAIO�=J@�?KILHAPEJC�=JU�=?PEKJ�NAMQAOPA@�

�����+GH7L�#45<GF�G;4G��H<?7�G;8��E4<A

�������QAGEB7H6G<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

$QNEJC�PDA�OLNEJC�KB������PDA�=QPDKN��*AJJAPD�+ANKU�"QO>AA��@E@�OKIA�NAOA=N?D�SEPD

OPQ@AJPO�P=GEJC�=�?KILQPAN�LNKCN=IIEJC�BQJ@=IAJP=HO�?KQNOA�PK�@APANIEJA�EB�QOEJC

�T��?=N@O�SKQH@�EILNKRA�OPQ@AJP�LANBKNI=J?A�KJ�AT=IO��`J�ODKNP��EP�@E@��3DEO�S=O�JKP

=�OQNLNEOA��>QP�EP�>A?=IA�K>REKQO�PD=P�IKOP�KB�QO��B=?QHPU�=P�=HH�HARAHO�KB�A@Q?=PEKJ�=O

SAHH�=O�OPQ@AJPO	�D=RA�HEPPHA�QJ@ANOP=J@EJC�KB�DKS�=NA�>N=EJ�>QEH@O�QJ@ANOP=J@EJC�=J@

HKJC�PANI�IAIKNU�

!PP=?DA@�=NA�OARAN=H�/KSAN/KEJP�LNAOAJP=PEKJO�PD=P�D=RA�>AAJ�O=RA�EJ�=J�!@K>A�/$&

BKNI=P��/HA=OA�OLAJ@�=�BAS�IEJQPAO�NAREASEJC�PDA�EJBKNI=PEKJ�LNKRE@A@��(KLABQHHU�EP

SEHH�DAHL�OPQ@AJPO�PK�>APPAN�HA=NJ�PDA�OQ>FA?PO�PDAU�=NA�OPQ@UEJC�

�������&4<A�)E8F8AG4G<BA

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+EJG�PK�

� Study�Habits�that�Build�the�Brain(http://www.opentextbooks.org.hk/system/files/resource/5/52
67/6092/media/Study_Habits_that_Build_the_Brain.pdf)

�������+C86<96�,BC<6F

!R=EH=>HA�QJ@AN#NA=PERA�#KIIKJO
2D=NA!HEGA�����`JPANJ=PEKJ=H�+E?AJOA�DPPL���?NA=PERA?KIIKJ

O�KNC�HE?AJOAO�>U
O=�����	�

+EJG�PK�

� Reading�the�Textbook(http://www.opentextbooks.org.hk/system/files/resource/5/5267/6093/me
dia/Reading_the_Textbook.pdf)

� Taking�Lecture�Notes(http://www.opentextbooks.org.hk/system/files/resource/5/5267/6093/me
dia/Taking_Lecture_Notes.pdf)

� Using�3x5�Cards(http://www.opentextbooks.org.hk/system/files/resource/5/5267/6093/media/U
sing_3x5_Cards.pdf)

315

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://www.opentextbooks.org.hk/system/files/resource/5/5267/6092/media/Study_Habits_that_Build_the_Brain.pdf
http://www.opentextbooks.org.hk/system/files/resource/5/5267/6092/media/Study_Habits_that_Build_the_Brain.pdf
http://www.opentextbooks.org.hk/system/files/resource/5/5267/6092/media/Study_Habits_that_Build_the_Brain.pdf
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://www.opentextbooks.org.hk/system/files/resource/5/5267/6093/media/Reading_the_Textbook.pdf
http://www.opentextbooks.org.hk/system/files/resource/5/5267/6093/media/Reading_the_Textbook.pdf
http://www.opentextbooks.org.hk/system/files/resource/5/5267/6093/media/Reading_the_Textbook.pdf
http://www.opentextbooks.org.hk/system/files/resource/5/5267/6093/media/Taking_Lecture_Notes.pdf
http://www.opentextbooks.org.hk/system/files/resource/5/5267/6093/media/Taking_Lecture_Notes.pdf
http://www.opentextbooks.org.hk/system/files/resource/5/5267/6093/media/Taking_Lecture_Notes.pdf
http://www.opentextbooks.org.hk/system/files/resource/5/5267/6093/media/Using_3x5_Cards.pdf
http://www.opentextbooks.org.hk/system/files/resource/5/5267/6093/media/Using_3x5_Cards.pdf
http://www.opentextbooks.org.hk/system/files/resource/5/5267/6093/media/Using_3x5_Cards.pdf


� Using�the�Flash�Card�Activity(http://www.opentextbooks.org.hk/system/files/resource/5/5267/
6093/media/Using_the_Flash_Card_Activity.pdf)

316

http://www.opentextbooks.org.hk/system/files/resource/5/5267/6093/media/Using_the_Flash_Card_Activity.pdf
http://www.opentextbooks.org.hk/system/files/resource/5/5267/6093/media/Using_the_Flash_Card_Activity.pdf
http://www.opentextbooks.org.hk/system/files/resource/5/5267/6093/media/Using_the_Flash_Card_Activity.pdf

	Preface
	Orientation and Syllabus
	Chapter 1 Introduction to Programming
	1.1 Systems Development Life Cycle
	1.1.1 Discussion
	1.1.2 Definitions

	1.2 Bloodshed Dev-C++ 5 Compiler/IDE
	1.2.1 Introduction
	1.2.2 Bloodshed Dev-C++ 5 compiler/IDE
	1.2.3 Preparation before Installation
	1.2.3.1 Creating the Needed Folders and Sub-Folders
	1.2.3.2 Getting the Software
	» Tip

	1.2.3.3 Getting a C++ Source Code File

	1.2.4 Installation Instructions for Bloodshed Dev-C++ 5 compiler/IDE
	1.2.4.1 Computer Installation Instructions
	1.2.4.2 Flash Drive Installation Instructions


	1.3 Modularization and C++ Program Layout
	1.3.1 Concept of Modularization
	1.3.2 Introduction of Functions within C++
	1.3.2.1 Program Control Function
	1.3.2.2 Specifc Task Function

	1.3.3 C++ Program Layout
	1.3.4 Definitions

	1.4 Practice 1: Introduction to Programming
	1.4.1 Learning Objectives
	1.4.2 Memory Building Activities
	1.4.3 Exercises
	1.4.4 Miscellaneous Items
	1.4.5 Lab Assignment
	1.4.5.1 Creating a Folder or Sub-Folder for Chapter 01 Files
	1.4.5.2 Download the Lab File(s)
	1.4.5.3 Detailed Lab Instructions

	1.4.6 Problems
	1.4.6.1 Problem 01a -Instructions

	1.4.7 Solutions to Exercises in Chapter 1


	Chapter 2 Program Planning & Design
	2.1 Program Design
	2.1.1 Topic Introduction
	2.1.2 Understanding the Program
	2.1.3 Using Design Tools to Create a Model
	2.1.4 Develop Test Data
	2.1.5 Definitions

	2.2 Pseudocode
	2.2.1 Overview
	2.2.2 Definitions

	2.3 Test Data
	2.3.1 Overview
	2.3.2 Creating Test Data and Model Checking
	2.3.3 Testing the Coded Program -Code Checking
	2.3.4 Definitions

	2.4 Practice 2: Program Planning & Design
	2.4.1 Learning Objectives
	2.4.2 Memory Building Activities
	2.4.3 Exercises
	2.4.4 Miscellaneous Items
	2.4.5 Lab Assignment
	2.4.5.1 Creating a Folder or Sub-Folder for Chapter 02 Files
	2.4.5.2 Download the Lab File(s)
	2.4.5.3 Detailed Lab Instructions

	2.4.6 Problems
	2.4.6.1 Problem 02a -Instructions
	2.4.6.2 Problem 02b -Instructions

	2.4.7 Solutions to Exercises in Chapter 2


	Chapter 3 Data & Operators
	3.1 Data Types in C++
	3.1.1 General Discussion
	3.1.2 Definitions

	3.2 Identifier Names
	3.2.1 Overview
	3.2.2 Technical to Language
	3.2.3 Good Programming Techniques
	3.2.4 Industry Rules
	3.2.5 Definitions

	3.3 Constants &Variables
	3.3.1 Understanding Constants
	3.3.2 Defining Constants & Variables
	3.3.3 Definitions

	3.4 Data Manipulation
	3.4.1 Introduction
	3.4.2 Definitions
	3.4.3 An Expression Example with Evaluation
	3.4.4 Precedence of Operators Chart

	3.5 Assignment Operator
	3.5.1 Discussion
	3.5.2 Definitions

	3.6 Arithmetic Operators
	3.6.1 General Discussion

	3.7 Data Type Conversions
	3.7.1 Overview
	3.7.2 Implicit Type Conversion
	3.7.3 Promotion
	3.7.4 Demotion
	3.7.5 Explicit Type Conversion
	3.7.6 Demonstration Program in C++
	3.7.6.1 Creating a Folder or Sub-Folder for Source Code Files
	3.7.6.2 Download the Demo Program

	3.7.7 Definitions

	3.8 Practice 3: Data & Operators
	3.8.1 Learning Objectives
	3.8.2 Memory Building Activities
	3.8.3 Exercises
	3.8.4 Miscellaneous Items
	3.8.5 Lab Assignment
	3.8.5.1 Creating a Folder or Sub-Folder for Chapter 03 Files
	3.8.5.2 Download the Lab File(s)
	3.8.5.3 Detailed Lab Instructions

	3.8.6 Problems
	3.8.6.1 Problem 03a -Instructions

	3.8.7 Solutions to Exercises in Chapter 3


	Chapter 4 Often Used Data Types
	4.1 Integer Data Type
	4.1.1 General Discussion
	4.1.2 Definitions

	4.2 Floating-Point Data Type
	4.2.1 General Discussion
	4.2.2 Definitions

	4.3 String Data Type
	4.3.1 General Discussion
	4.3.2 Definitions

	4.4 Arithmetic Assignment Operators
	4.4.1 Overview of Arithmetic Assignment
	4.4.2 Demonstration Program in C++
	4.4.2.1 Creating a Folder or Sub-Folder for Source Code Files
	4.4.2.2 Download the Demo Program


	4.5 Lvalue & Rvalue
	4.5.1 Discussion
	4.5.2 Definitions

	4.6 Integer Division and Modulus
	4.6.1 Overview of Integer Division and Modulus
	4.6.2 Demonstration Program in C++
	4.6.2.1 Creating a Folder or Sub-Folder for Source Code Files
	4.6.2.2 Download the Demo Program


	4.7 Practice 4: Often Used Data Types
	4.7.1 Learning Objectives
	4.7.2 Memory Building Activities
	4.7.3 Exercises
	4.7.4 Miscellaneous Items
	4.7.5 Lab Assignment
	4.7.5.1 Creating a Folder or Sub-Folder for Chapter 04 Files
	4.7.5.2 Detailed Lab Instructions

	4.7.6 Problems
	4.7.6.1 Problem 04a - Instructions

	4.7.7 Solutions to Exercises in Chapter 4


	Chapter 5 Integrated Development Environment
	5.1 Integrated Development Environment
	5.1.1 IDE Overview
	5.1.2 Resolving Errors
	5.1.3 Demonstration Program in C++
	5.1.3.1 Creating a Folder or Sub-Folder for Source Code Files
	5.1.3.2 Download the Demo Program

	5.1.4 Definitions

	5.2 Standard Input and Output
	5.2.1 General Discussion
	5.2.2 Standard I/O within C++
	5.2.3 Definitions

	5.3 Compiler Directives
	5.3.1 General Discussion
	5.3.2 Definitions

	5.4 Practice 5: Integrated Development Environment
	5.4.1 Learning Objectives
	5.4.2 Memory Building Activities
	5.4.3 Exercises
	5.4.4 Miscellaneous Items
	5.4.5 Lab Assignment
	5.4.5.1 Creating a Folder or Sub-Folder for Chapter 05 Files
	5.4.5.2 Download the Lab File(s)
	5.4.5.3 Detailed Lab Instructions

	5.4.6 Problems
	5.4.6.1 Problem 05a -Instructions
	5.4.6.2 Problem 05b -Instructions

	5.4.7 Solutions to Exercises in Chapter 5


	Chapter 6 Program Control Functions
	6.1 Pseudocode Examples for Functions
	6.1.1 Concept
	6.1.2 Examples
	6.1.3 Definitions

	6.2 Hierarchy or Structure Chart
	6.2.1 Overview
	6.2.2 Definitions

	6.3 Program Control Functions
	6.3.1 Prerequisite Material
	6.3.2 Concept of Modularization
	6.3.3 Program Control Functions
	6.3.4 Demonstration Program in C++
	6.3.4.1 Creating a Folder or Sub-Folder for Source Code Files
	6.3.4.2 Download the Demo Program
	6.3.4.3 Study the Materials Collectively to Understand Modularization

	6.3.5 Definitions

	6.4 Void Data Type
	6.4.1 General Discussion
	6.4.2 Definitions

	6.5 Documentation and Making Source Code Readable
	6.5.1 General Discussion
	6.5.1.1 Documentation
	6.5.1.2 Vertical Alignment
	6.5.1.3 Appropriate use of Comments
	6.5.1.4 Banners for Functions
	6.5.1.5 Block Markers on Lines by Themselves
	6.5.1.6 Indent Block Markers
	6.5.1.7 Meaningful Identifier Names Consistently Typed
	6.5.1.8 Appropriate use of Typedef

	6.5.2 Definitions

	6.6 Practice 6: Program Control Functions
	6.6.1 Learning Objectives
	6.6.2 Memory Building Activities
	6.6.3 Exercises
	6.6.4 Miscellaneous Items
	6.6.4.1 Lab Assignment
	6.6.4.1.1 Creating a Folder or Sub-Folder for Chapter 06 Files
	6.6.4.1.2 Download the Lab File(s)
	6.6.4.1.3 Detailed Lab Instructions

	6.6.4.2 Problems
	6.6.4.2.1 Problem 06a -Instructions
	6.6.4.2.2 Problem 06b -Instructions

	6.6.4.3 Solutions to Exercises in Chapter 6



	Chapter 7 Specific Task Functions
	7.1 Specific Task Functions
	7.1.1 Prerequisite Material
	7.1.2 General Concept
	7.1.3 Specifc Task Functions
	7.1.4 Definitions

	7.2 Global vs Local Data Storage
	7.2.1 General Discussion
	7.2.2 Definitions

	7.3 Using a Header File for User Defned Specifc Task Functions
	7.3.1 Concept: User Defned Specifc Task Functions
	7.3.2 Demonstration Using C++
	7.3.2.1 Creating a Folder or Sub-Folder for the Four Files
	7.3.2.2 Download the Four Files
	7.3.2.3 Study the Files Collectively to Understand the Concepts
	7.3.2.4 Creating a Folder or Sub-Folder for your User Library
	7.3.2.5 Placing the Header File into the User Library
	7.3.2.6 Verify that the Header File Works Properly

	7.3.3 Definitions

	7.4 Practice 7: Specifc Task Functions
	7.4.1 Learning Objectives
	7.4.2 Memory Building Activities
	7.4.3 Exercises
	7.4.4 Miscellaneous Items
	7.4.5 Lab Assignment
	7.4.5.1 Creating a Folder or Sub-Folder for Chapter 07 Files
	7.4.5.2 Download the Lab File(s)
	7.4.5.3 Detailed Lab Instructions

	7.4.6 Problems
	7.4.6.1 Problem 07a -Instructions
	7.4.6.2 Problem 07b -Instructions

	7.4.7 Solutions to Exercises in Chapter 7


	Chapter 8 Standard Libraries
	8.1 Standard Libraries
	8.1.1 Overview of Standard Libraries
	8.1.2 Demonstration Program in C++
	8.1.2.1 Creating a Folder or Sub-Folder for Source Code Files
	8.1.2.2 Download the Demo Program

	8.1.3 Definitions

	8.2 Practice 8: Standard Libraries
	8.2.1 Learning Objectives
	8.2.2 Memory Building Activities
	8.2.3 Exercises
	8.2.4 Miscellaneous Items
	8.2.5 Lab Assignment
	8.2.5.1 Creating a Folder or Sub-Folder for Chapter 08 Files
	8.2.5.2 Download the Lab File(s)
	8.2.5.3 Detailed Lab Instructions

	8.2.6 Problems
	8.2.6.1 Problem 08a -Instructions

	8.2.7 Solutions to Exercises in Chapter 8


	Chapter 9 Character Data, Sizeof, Typedef, Sequence
	9.1 Character Data Type
	9.1.1 Overview of the Character Data Type
	9.1.2 Demonstration Program in C++
	9.1.2.1 Creating a Folder or Sub-Folder for Source Code Files
	9.1.2.2 Download the Demo Program

	9.1.3 Definitions

	9.2 Sizeof Operator
	9.2.1 Overview
	9.2.2 Definitions

	9.3 Typedef -An Alias
	9.3.1 General Discussion
	9.3.2 Definitions

	9.4 Sequence Operator
	9.4.1 General Discussion
	9.4.2 Definitions

	9.5 Practice 9: Character Dataf Sizeoff Typedeff Sequence
	9.5.1 Learning Objectives
	9.5.2 Memory Building Activities
	9.5.3 Exercises
	9.5.4 Miscellaneous Items
	9.5.4.1 Lab Assignment
	9.5.4.1.1 Creating a Folder or Sub-Folder for Chapter 09 Files
	9.5.4.1.2 Download the Lab File(s)
	9.5.4.1.3 Detailed Lab Instructions

	9.5.4.2 Problems
	9.5.4.2.1 Problem 09a -Instructions

	9.5.4.3 Solutions to Exercises in Chapter 9



	Chapter 10 Introduction to Structured Programming
	10.1 Structured Programming
	10.1.1 Introduction
	10.1.1.1 Introduction to Selection Control Structures
	10.1.1.2 Introduction to Iteration Control Structures

	10.1.2 Definitions

	10.2 Pseudocode Examples for Control Structures
	10.2.1 Overview
	10.2.2 Selection Control Structures
	10.2.3 Iteration (Repetition) Control Structures

	10.3 Flowcharting
	10.3.1 Flowcharting Symbols
	10.3.1.1 Terminal
	10.3.1.2 Process
	10.3.1.3 Input/Output
	10.3.1.4 Connectors
	10.3.1.5 Decision
	10.3.1.6 Module Call
	10.3.1.7 Flow Lines

	10.3.2 Examples
	10.3.3 Functions
	10.3.3.1 Sequence Control Structures
	10.3.3.2 Selection Control Structures Example 10.12: pseudocode: If then Else
	10.3.3.3 Iteration (Repetition) Control Structures

	10.3.4 Definitions

	10.4 Practice 10: Introduction to Structured Programming
	10.4.1 Learning Objectives
	10.4.1.1 Memory Building Activities

	10.4.2 Exercises
	10.4.3 Miscellaneous Items
	10.4.4 Lab Assignment
	10.4.4.1 Creating a Folder or Sub-Folder for Chapter 10 Files
	10.4.4.2 Download the Lab File(s)
	10.4.4.3 Detailed Lab Instructions

	10.4.5 Problems
	10.4.5.1 Problem 10a - Instructions

	10.4.6 Solutions to Exercises in Chapter 10


	Chapter 11 Two Way Selection
	11.1 If Then Else
	11.1.1 Introduction to Two Way Selection
	11.1.1.1 Traditional Two Way Selection
	11.1.1.2 One Choice -Implied Two Way Selection

	11.1.2 Two Way Selection within C++
	11.1.3 Definitions

	11.2 Boolean Data Type
	11.2.1 Discussion
	11.2.2 Definitions

	11.3 Relational Operators
	11.3.1 Overview of the Relational Operators
	11.3.2 Demonstration Program in C++
	11.3.2.1 Creating a Folder or Sub-Folder for Source Code Files
	11.3.2.2 Download the Demo Program


	11.4 Compound Statement
	11.4.1 The Need for a Compound Statement
	11.4.2 Other Uses of a Compound Statement
	11.4.3 Definitions

	11.5 Practice 11: Two Way Selection
	11.5.1 Learning Objectives
	11.5.2 Memory Building Activities
	11.5.3 Exercises
	11.5.4 Miscellaneous Items
	11.5.5 Lab Assignment
	11.5.5.1 Creating a Folder or Sub-Folder for Chapter 11 Files
	11.5.5.2 Download the Lab File(s)
	11.5.5.3 Detailed Lab Instructions

	11.5.6 Problems
	11.5.6.1 Problem 11a - Instructions
	11.5.6.2 Problem 11b -Instructions

	11.5.7 Solutions to Exercises in Chapter 11


	Chapter 12 Multiway Selection
	12.1 Nested If Then Else
	12.1.1 Introduction to Mulitway Selection
	12.1.1.1 Nested Control Structures
	12.1.1.2 Multiway Selection

	12.1.2 if then else Syntax within C++
	12.1.3 C++ Example
	12.1.4 Definitions

	12.2 Logical Operators
	12.2.1 Overview of the Logical Operators
	12.2.2 Truth Tables
	12.2.3 Examples
	12.2.4 Demonstration Program in C++
	12.2.4.1 Creating a Folder or Sub-Folder for Source Code Files
	12.2.4.2 Download the Demo Program

	12.2.5 Definitions

	12.3 Case Control Structure
	12.3.1 Traditional Case Control Structure
	12.3.1.1 Multiway Selection using the Case Structure
	12.3.1.2 C++ Code to Accomplish Multiway Selection

	12.3.2 Limitations of the Case Control Structure
	12.3.3 Good Structured Programming Methods
	12.3.4 Definitions

	12.4 Branching Control Structures
	12.4.1 Discussion
	12.4.1.1 Definitions

	12.4.2 Examples
	12.4.2.1 break
	12.4.2.2 continue

	12.4.3 goto
	12.4.3.1 return
	12.4.3.2 exit


	12.5 Practice 12: Multiway Selection
	12.5.1 Learning Objectives
	12.5.2 Memory Building Activities
	12.5.3 Exercises
	12.5.4 Miscellaneous Items
	12.5.5 Lab Assignment
	12.5.5.1 Creating a Folder or Sub-Folder for Chapter 12 Files
	12.5.5.2 Download the Lab File(s)
	12.5.5.3 Detailed Lab Instructions

	12.5.6 Problems
	12.5.6.1 Problem 12a -Instructions
	12.5.6.2 Problem 12b -Instructions
	12.5.6.3 Problem 12c -Instructions

	12.5.7 Solutions to Exercises in Chapter 12


	Chapter 13 Test After Loops
	13.1 Do While Loop
	13.1.1 Introduction to Test After Loops
	13.1.1.1 Understanding Iteration in General -do while

	13.1.2 The do while Structure within C++
	13.1.2.1 Syntax
	13.1.2.2 An Example
	13.1.2.3 Infinite Loops

	13.1.3 Definitions

	13.2 Flag Concept
	13.2.1 Concept Discussion
	13.2.2 Computer Implementation
	13.2.3 Two Flags with the Same Meaning
	13.2.4 Multiple Flags in One Byte
	13.2.5 Definitions

	13.3 Assignment vs Equality within C++
	13.3.1 General Discussion

	13.4 Repeat Until Loop
	13.4.1 Introduction to Test After Loops
	13.4.1.1 Understanding Iteration in General -repeat until

	13.4.2 The repeat until Structure within C++
	13.4.3 Definitions

	13.5 Practice 13: Test After Loops
	13.5.1 Learning Objectives
	13.5.2 Memory Building Activities
	13.5.3 Exercises
	13.5.4 Miscellaneous Items
	13.5.4.1 Lab Assignment
	13.5.4.1.1 Creating a Folder or Sub-Folder for Chapter 13 Files
	13.5.4.1.2 Download the Lab File(s)
	13.5.4.1.3 Detailed Lab Instructions

	13.5.4.2 Problems
	13.5.4.2.1 Problem 13a -Instructions

	13.5.4.3 Solutions to Exercises in Chapter 13



	Chapter 14 Test Before Loops
	14.1 Increment and Decrement Operators
	14.1.1 General Discussion
	14.1.2 C++ Code Examples
	14.1.2.1 Basic Concept
	14.1.2.2 Postfix Increment
	14.1.2.3 Prefix Increment
	14.1.2.4 Allowable Data Types
	14.1.2.5 Exercises

	14.1.3 Definitions

	14.2 While Loop
	14.2.1 Introduction to Test Before Loops
	14.2.1.1 Understanding Iteration in General -while
	14.2.1.2 Human Example of the while Loop

	14.2.2 The while Structure within C++
	14.2.2.1 Syntax
	14.2.2.2 An Example
	14.2.2.3 Infinite Loops

	14.2.3 Counting Loops
	14.2.3.1 Infinite Loops
	14.2.3.2 Variations on Counting

	14.2.4 Definitions

	14.3 Practice 14: Test Before Loops
	14.3.1 Learning Objectives
	14.3.2 Memory Building Activities
	14.3.3 Exercises
	14.3.4 Miscellaneous Items
	14.3.5 Lab Assignment
	14.3.5.1 Creating a Folder or Sub-Folder for Chapter 14 Files
	14.3.5.2 Download the Lab File(s)
	14.3.5.3 Detailed Lab Instructions

	14.3.6 Problems
	14.3.6.1 Problem 14a -Instructions

	14.3.7 Solutions to Exercises in Chapter 14.


	Chapter 15 Counting Loops
	15.1 For Loop
	15.1.1 Introduction to Test Before Loops
	15.1.1.1 Understanding Iteration in General - for

	15.1.2 The for Structure within C++
	15.1.2.1 Syntax
	15.1.2.2 An Example
	15.1.2.3 Infinite Loops
	15.1.2.4 Multiple Items in the Initialization and Update

	15.1.3 Counting Loop Conversion -a while into a for
	15.1.4 Miscellaneous Information about the for Structure
	15.1.5 Definitions

	15.2 Circular Nature of the Integer Data Type Family
	15.2.1 General Discussion
	15.2.2 Implications When Executing Loops
	15.2.3 Demonstration Program in C++
	15.2.3.1 Creating a Folder or Sub-Folder for Source Code Files
	15.2.3.2 Download the Demo Program

	15.2.4 Definitions

	15.3 Formatting Output
	15.3.1 General Discussion
	15.3.2 C++ Considerations using Standard Output (cout)
	15.3.2.1 Text Wrapping and Vertical Spacing
	15.3.2.2 Handling Floating-point Data Type
	15.3.2.3 Setting the Width for Numbers

	15.3.3 Demonstration Program in C++
	15.3.3.1 Creating a Folder or Sub-Folder for Source Code Files
	15.3.3.2 Download the Demo Program

	15.3.4 Definitions

	15.4 Nested For Loops
	15.4.1 General Discussion
	15.4.1.1 Nested Control Structures

	15.4.2 An Example -Nested for loops
	15.4.3 Demonstration Program in C++
	15.4.3.1 Creating a Folder or Sub-Folder for Source Code Files
	15.4.3.2 Download the Demo Program

	15.4.4 Definitions

	15.5 Practice 15: Counting Loops
	15.5.1 Learning Objectives
	15.5.2 Memory Building Activities
	15.5.3 Exercises
	15.5.4 Miscellaneous Items
	15.5.5 Lab Assignment
	15.5.5.1 Creating a Folder or Sub-Folder for Chapter 15 Files
	15.5.5.2 Download the Lab File(s)
	15.5.5.3 Detailed Lab Instructions

	15.5.6 Problems
	15.5.6.1 Problem 15a -Instructions

	15.5.7 Solutions to Exercises in Chapter 15


	Chapter 16 String Class, Unary Positive and Negative
	16.1 String Class within C++
	16.1.1 General Discussion
	16.1.2 Demonstration Program in C++
	16.1.2.1 Creating a Folder or Sub-Folder for Source Code Files
	16.1.2.2 Download the Demo Program

	16.1.3 Definitions

	16.2 Unary Positive and Negative Operators
	16.2.1 General Discussion
	16.2.2 C++ Code Examples
	16.2.2.1 Negation -Unary Negative
	16.2.2.2 Unary Positive -Worthless
	16.2.2.3 Possible Confusion
	16.2.2.4 Exercises

	16.2.3 Definitions

	16.3 Practice 16: String Classf Unary Positive and Negative
	16.3.1 Learning Objectives
	16.3.2 Memory Building Activities
	16.3.3 Exercises
	16.3.4 Miscellaneous Items
	16.3.5 Lab Assignment
	16.3.5.1 Creating a Folder or Sub-Folder for Chapter 16 Files
	16.3.5.2 Download the Lab File(s)
	16.3.5.3 Detailed Lab Instructions

	16.3.6 Problems
	16.3.6.1 Problem 16a -Instructions
	16.3.6.2 Problem 16b -Instructions
	16.3.6.3 Problem 16c -Instructions

	16.3.7 Solutions to Exercises in Chapter 16


	Chapter 17 Conditional Operator and Recursion
	17.1 Conditional Operator
	17.1.1 Overview
	17.1.2 Definitions

	17.2 Recursion vs Iteration
	17.2.1 Repetitive Algorithms
	17.2.2 Demonstration Program in C++
	17.2.2.1 Creating a Folder or Sub-Folder for Source Code Files
	17.2.2.2 Download the Demo Program

	17.2.3 Definitions

	17.3 Practice 17: Conditional Operator and Recursion
	17.3.1 Learning Objectives
	17.3.2 Memory Building Activities
	17.3.3 Exercises
	17.3.4 Miscellaneous Items
	17.3.5 Lab Assignment
	17.3.5.1 Creating a Folder or Sub-Folder for Chapter 17 Files
	17.3.5.2 Download the Lab File(s)
	17.3.5.3 Detailed Lab Instructions

	17.3.6 Problems
	17.3.6.1 Problem 17a -Instructions
	17.3.6.2 Problem 17b -Instructions

	17.3.7 Solutions to Exercises in Chapter 17


	Chapter 18 Introduction to Arrays
	18.1 Array Data Type
	18.1.1 Overview
	18.1.2 Defning an Array in C++
	18.1.3 Definitions

	18.2 Array Index Operator
	18.2.1 Array Index Operator in C++
	18.2.2 Definitions

	18.3 Displaying Array Members
	18.3.1 Accessing Array Members in C++
	18.3.2 Using the Sizeof Operator with Arrays in C++
	18.3.3 Demonstration Program in C++
	18.3.3.1 Creating a Folder or Sub-Folder for Source Code Files
	18.3.3.2 Download the Demo Program

	18.3.4 Definitions

	18.4 Practice 18: Introduction to Arrays
	18.4.1 Learning Objectives
	18.4.2 Memory Building Activities
	18.4.3 Exercises
	18.4.4 Miscellaneous Items
	18.4.5 Lab Assignment
	18.4.5.1 Creating a Folder or Sub-Folder for Chapter 18 Files
	18.4.5.2 Download the Lab File(s)
	18.4.5.3 Detailed Lab Instructions

	18.4.6 Problems
	18.4.6.1 Problem 18a -Instructions

	18.4.7 Solutions to Exercises in Chapter 18


	Chapter 19 File I/O and Array Functions
	19.1 File Input and Output
	19.1.1 Overview of File I/O in C++
	19.1.2 Demonstration Program in C++
	19.1.2.1 Creating a Folder or Sub-Folder for Source Code Files
	19.1.2.2 Download the Demo Program

	19.1.3 Definitions

	19.2 Arrays and Functions
	19.2.1 Overview of Array Functions
	19.2.2 Demonstration Program in C++
	19.2.2.1 Creating a Folder or Sub-Folder for Source Code Files
	19.2.2.2 Download the Demo Program

	19.2.3 Definitions

	19.3 Loading an Array from a File
	19.3.1 Conceptual Overview
	19.3.2 Demonstration Program in C++
	19.3.2.1 Creating a Folder or Sub-Folder for Source Code Files
	19.3.2.2 Download the Demo Program

	19.3.3 Definitions

	19.4 Math Statistics with Arrays
	19.4.1 Overview
	19.4.2 Demonstration Program in C++
	19.4.2.1 Creating a Folder or Sub-Folder for Source Code Files
	19.4.2.2 Download the Demo Program

	19.4.3 Definitions

	19.5 Practice 19: File I/O and Array Functions
	19.5.1 Learning Objectives
	19.5.2 Memory Building Activities
	19.5.3 Exercises
	19.5.4 Miscellaneous Items
	19.5.5 Lab Assignment
	19.5.5.1 Creating a Folder or Sub-Folder for Chapter 19 Files
	19.5.5.2 Download the Lab File(s)
	19.5.5.3 Detailed Lab Instructions

	19.5.6 Problems
	19.5.6.1 Problem 19a -Instructions
	19.5.6.2 Problem 19b -Instructions

	19.5.7 Solutions to Exercises in Chapter 19


	Chapter 20 More Array Functions
	20.1 Finding a Specifc Member of an Arrayl
	20.1.1 Overview
	20.1.2 Demonstration Program in C++
	20.1.2.1 Creating a Folder or Sub-Folder for Source Code Files
	20.1.2.2 Download the Demo Program

	20.1.3 Definitions

	20.2 Sorting an Array
	20.2.1 Overview
	20.2.2 Demonstration Program in C++
	20.2.2.1 Creating a Folder or Sub-Folder for Source Code Files
	20.2.2.2 Download the Demo Program

	20.2.3 Definitions

	20.3 Practice 20: More Array Functions
	20.3.1 Learning Objectives
	20.3.2 Memory Building Activities
	20.3.3 Exercises
	20.3.4 Miscellaneous Items
	20.3.5 Lab Assignment
	20.3.5.1 Creating a Folder or Sub-Folder for Chapter 20 Files
	20.3.5.2 Download the Lab File(s)
	20.3.5.3 Detailed Lab Instructions

	20.3.6 Problems
	20.3.6.1 Problem 20a -Instructions

	20.3.7 Solutions to Exercises in Chapter 20


	Chapter 21 More on Typedef
	21.1 Versatile Code with Typedef
	21.1.1 Overview
	21.1.2 Demonstration Program in C++
	21.1.2.1 Creating a Folder or Sub-Folder for Source Code Files
	21.1.2.2 Download the Demo Program

	21.1.3 Definitions

	21.2 Practice 21: More on Typedef
	21.2.1 Learning Objectives
	21.2.2 Memory Building Activities
	21.2.3 Exercises
	21.2.4 Miscellaneous Items
	21.2.5 Lab Assignment
	21.2.5.1 Creating a Folder or Sub-Folder for Chapter 18 Files
	21.2.5.2 Download the Lab File(s)
	21.2.5.3 Detailed Lab Instructions

	21.2.6 Problems
	21.2.6.1 Problem 21a -Instructions

	21.2.7 Solutions to Exercises in Chapter 21


	Chapter 22 Pointers
	22.1 Address Operator
	22.1.1 Address Operator in C++
	22.1.2 Definitions

	22.2 Parameter Passing by Reference
	22.2.1 Overview
	22.2.2 Demonstration Program in C++
	22.2.2.1 Creating a Folder or Sub-Folder for Source Code Files
	22.2.2.2 Download the Demo Program

	22.2.3 Definitions

	22.3 Pointer Data Type
	22.3.1 Pointer Data Type in C++
	22.3.2 Definitions

	22.4 Indirection Operator
	22.4.1 Indirection Operator in C++
	22.4.2 Demonstration Program in C++
	22.4.2.1 Creating a Folder or Sub-Folder for Source Code Files
	22.4.2.2 Download the Demo Program

	22.4.3 Definitions

	22.5 Practice 22: Pointers
	22.5.1 Learning Objectives
	22.5.2 Memory Building Activities
	22.5.3 Exercises
	22.5.4 Miscellaneous Items
	22.5.5 Lab Assignment
	22.5.5.1 Creating a Folder or Sub-Folder for Chapter 22 Files
	22.5.5.2 Download the Lab File(s)
	22.5.5.3 Detailed Lab Instructions

	22.5.6 Problems
	22.5.6.1 Problem 22a -Instructions

	22.5.7 Solutions to Exercises in Chapter 22


	Chapter 23 More Arrays & Compiler Directives
	23.1 Multidimensional Arrays
	23.1.1 Overview
	23.1.2 Demonstration Program in C++
	23.1.2.1 Creating a Folder or Sub-Folder for Source Code Files
	23.1.2.2 Download the Demo Program

	23.1.3 Definitions

	23.2 Conditional Compilation
	23.2.1 Overview
	23.2.2 Demonstration Program in C++
	23.2.2.1 Creating a Folder or Sub-Folder for Source Code Files
	23.2.2.2 Download the Demo Program

	23.2.3 Definitions

	23.3 Practice 23: More Arrays & Compiler Directives
	23.3.1 Learning Objectives
	23.3.2 Memory Building Activities
	23.3.3 Exercises
	23.3.4 Miscellaneous Items
	23.3.5 Lab Assignment
	23.3.5.1 Creating a Folder or Sub-Folder for Chapter 23 Files
	23.3.5.2 Download the Lab File(s)
	23.3.5.3 Detailed Lab Instructions

	23.3.6 Problems
	23.3.6.1 Problem 23a - Instructions

	23.3.7 Solutions to Exercises in Chapter 23


	Chapter 24 OOP & HPC
	24.1 Object Oriented Programming
	24.1.1 Discussion
	24.1.2 Transition
	24.1.3 Definitions

	24.2 Understanding High Performance Computing
	24.2.1 Preface -November 13, 2009
	24.2.2 Introduction to High Performance Computing
	24.2.2.1 The Shift from a Single Processor to Parallel
	24.2.2.2 The Birth of Computers -A "Parallel" to Central Processing Unit (CPU) Story
	24.2.2.3 The Need for Power
	24.2.2.4 Measuring Computer Power
	24.2.2.5 High Performance Computing Made Personal
	24.2.2.6 Summary

	24.2.3 Learner Appropriate Activities
	24.2.3.1 Computer Literacy but No Programming Skills
	24.2.3.2 Learning Programming Fundamentals
	24.2.3.3 Upper Division Under-Graduate College Students

	24.2.4 Educator Resources
	24.2.5 Simple Definitions

	24.3 Practice 2: OOP & HPC
	24.3.1 Learning Objectives
	24.3.2 Memory Building Activities
	24.3.3 Exercises
	24.3.4 Miscellaneous Items
	24.3.5 Lab Assignment
	24.3.5.1 Creating a Folder or Sub-Folder for Chapter 24 Files
	24.3.5.2 Download the Lab File(s)
	24.3.5.3 Detailed Lab Instructions

	24.3.6 Problems
	24.3.6.1 Problem 24a -Instructions
	24.3.6.2 Problem 24b -Instructions

	24.3.7 Solutions to Exercises in Chapter 2.


	Chapter 25 Review Materials
	25.1 Review: Foundation Topics Group: 1-5
	25.1.1 Strategy Discussion
	25.1.2 Memory Building Activities
	25.1.3 Miscellaneous Items

	25.2 Review: Modular Programming Group: 6-9
	25.2.1 Strategy Discussion
	25.2.2 Memory Building Activities
	25.2.3 Miscellaneous Items

	25.3 Review: Structured Programming Group: 10-16
	25.3.1 Strategy Discussion
	25.3.2 Memory Building Activities
	25.3.3 Miscellaneous Items

	25.4 Review: Intermediate Topics Group: 17-21
	25.4.1 Strategy Discussion
	25.4.2 Memory Building Activities
	25.4.3 Miscellaneous Items

	25.5 Review: Advanced Topics Group: 22-24
	25.5.1 Strategy Discussion
	25.5.2 Memory Building Activities
	25.5.3 Miscellaneous Items


	Chapter 26 Appendix
	26.1 Abbreviated Precedence Chart for C++ Operators
	26.2 C++ Reserved Keywords
	26.3 ASCII Character Set
	26.4 Show Hide File Extensions
	26.4.1 Windows XP
	26.4.2 Windows Vista
	26.4.3 Windows 7

	26.5 Academic or Scholastic Dishonesty
	26.5.1 Introduction
	26.5.2 Collusion
	26.5.3 Type it Yourself
	26.5.4 Control Access to Your Files
	26.5.5 Ask for a Clarification of the Collaboration
	26.5.6 Detecting Academic Dishonesty
	26.5.7 Serious Consequences
	26.5.8 Summary

	26.6 Successful Learning Skills
	26.6.1 Realize the Time Commitment
	26.6.2 Understand Your Capacity to Concentrate
	26.6.3 Plan Regular Study Times
	26.6.4 Learning Requires Variety and Repetition
	26.6.5 Interact with the Other Students
	26.6.6 Don't Procrastinate and Don't Get Behind
	26.6.7 Attend Class and Take Notes

	26.7 Study Habits that Build the Brain
	26.7.1 Introduction
	26.7.2 Main Presentation
	26.7.3 Specifc Topics



