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What  we’re  learning  in  this  Slide  Set:

• More  on  Using  Custom  Data  Types:
– Friend  Functions

• Constant  Parameters
• Overloading  Operators
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Textbook  Chapters:

Relevant  to  this  slide  set:
• Sections  11.1-11.2

Coming  soon:
• End  of  Chapter  11
• Reminders  from  Chapter  5  (Sections  5.3  and  5.4)
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Friend  Functions

We  keep  talking  about  encapsulation  and  including  all  
functions  as  members  within  classes

However,  sometimes  you  might  want  to  support  an  operation  
as  an  “ordinary”  non-member  function

Let’s  look  at  how  we  define  operations  on  objects  as  
nonmember  functions
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Recall  the  day  of  the  year  class
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Let’s  add  the  following  nonmember  function:
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And  update  main  as  follows:
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All  of  the  member  functions  stay  the  same,  but  “equal”  is  
defined  as:

And  you  can  use  it  to  compare  to  objects  of  class  type  
DayofYear:
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We  could  have  made  equal a  member  function.

However,  then  one  of  the  objects  would  have  had  to  call  
the  other  object  as  a  parameter  using  its  member  function.

-this  would  not  treat  the  two  objects  the  same  way.
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Conversely,  this  implementation  of  equal  is  inefficient  as  we  
have  to  use  the  accessor functions  to  do  the  comparison  (Why  
does  this  make  it  inefficient?):

What  we  really  want  to  do  is  access  or  member  variables  
directly,  but  this  is  illegal  (Why?)  and  breaks  our  rules  of  
encapsulation:
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A  friend  function  of  a  class  is  not  a  member  function  of  the  
class,  but  it  is  allowed  to  read  and  write  to  private  member  
variables  (similar  to  a  member  function)  and  use  private  
member  functions

Friend  functions  are  listed  as  part  of  the  class  definition,  but  
use  the  keyword  friend  in  front  of  the  declaration:

We  make  them  public  because  we  want  them  to  be  usable  
outside  of  the  class.
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Friend  functions  may  look  like  member  functions  (because  
they  are  part  of  the  class  definition):
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However,  they  are  really  normal  functions
• They  are  defined  the  same  way  normal  functions  are  
(the  DayOfYear:: qualifier  is  not  included  in  the  
function  heading);;  they  just  have  special  access  to  the  
class  member  variables.

• And  they  are  called  the  same  way  (just  as  we  had  
previously  shown  in  main):
main() 
{

…



ENSC  251:  Lecture  Set  3 14

You  could  make  all  of  your  public  functions  friend  functions  
(giving  you  access  to  private  variables),  but  this  is  not  very  
clean.

You  still  want  to  use  accessor and  mutator functions:

They  provide  the  cleaner  interface  to  “get”  and  “set”  
variables.

Instead,  you  want  to  use  friend  functions  to  make  your  
code  more  efficient  and  easier  to  read
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Notes:  you  can  have  more  than  one  friend  function:

And  remember  it  is  not  a  member  function;;  so  you  
don’t  use  the  dot  operator  to  call  it  and  you  don’t  use  
the  type  qualifier  to  define  it.
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How  to  decide  if  your  function  should  be  a  member/non-
member  function:
• Make  it  a  member  function:  if  the  function  performs  a  task  
involving  only  one  object

• Make  it  a  non-member  function:  if  the  function  performs  a  
task  involving  more  than  one  object
– Additional  qualifier:  and  the  objects  are  used  
symmetrically

When  you  make  a  non-member  function,  you  can  use  your  
accessor/mutator functions  or  you  can  make  it  a  friend.
• Just  remember  if  it  is  a  friend,  you  may  have  to  change  its  
implementation  if  you  change  the  class  implementation
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An  example  from  the  text:



An  example  from  the  text  (cont’d):
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Constructors  with  initializers:
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Note:  we  made  
digit1  and  digit2  
chars  to  read  the  
two  digits  after  the  
decimal.

What  would  happen  
if  we  made  them  
numbers  and  digit1  
was  a  zero?

(i.e.  what  happens  
to  leading  zeroes)?
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The  remaining  functions…

This  code  could  be  more  robust  (needs  more  error  checking)
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A  quick  note…
Recall:

Replacing  ‘9’  with  “09”  shouldn’t  be  a  problem,  but  it  could  be  
if  your  compiler  doesn’t  follow  the  ANSI  standard  

-In  that  case  a  leading  zero  might  be  interpreted  as  an  
octal  number  and  “09”  is  not  a  valid  octal  number.
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A  call-by-reference  (using  a  pointer)  is  more  efficient  
than  a  call-by-value

Why?  (Remember  scope)

However,  remember  that  if  you  call-by-reference  be  
careful,  any  changes  you  make  to  the  object  will  be  
permanent.

…  Unless  …

The  const Parameter  modifier
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Using  const in  conjunction  with  a  call-by-reference  tells  the  
compiler  that  you  want  a  constant  parameter and  that  it  should  
not  be  changed  by  the  function  call.    
You  need  to  use  const in  both  the  function  declaration:

And  in  the  heading  of  the  function  definition:

The  const Parameter  modifier
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If  you  try  to  change  a  constant  parameter  in  a  
function,  then  the  compiler  will  issue  an  error  
message.

You  can  use  the  modifier  const with  any  kind  of  
parameter,  but  normally  used  with  call-by-reference  
parameters
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What  about  declaring  objects?

Although  not  explicit,  by  default  a  member  function  behaves  
like  a  call-by-reference  as  you  can  change  the  value  of  the  
calling  object.

If  you  have  a  member  function  that  should  not  change  the  
value  of  a  calling  object,  it  can  also  be  marked  as  a  const

The  compiler  will  issue  an  error  message  if  your  function’s  
code  changes  the  value  of  the  calling  object.
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Again,  the  constmodifier  should  be  used  in  both  the  function  
declaration:  

and  the  function  definition:



ENSC  251:  Lecture  Set  3 31

Be  warned:
Because  of  embedded  function  calls:  

This  will  give  an  error  on  most  compilers.
The  compiler  will  note  that  get_value is  a  member  function  
of  class  Money,  and  because  it  does  not  have  a  const in  its  
definition,  it  may change  the  value  of  Money.
To  make  this  work,  you  need  to  use  the  constmodifier  to  the  
get_valuemember  function.
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Summary:
If  you  use  the  const parameter  for  one  parameter  of  a  
particular  type,  you  should  use  it  for  every other  parameter  of  
that  type  that  is  not  changed  by  the  function  call.
If  you  use  the  const parameter  with  a  class  type,  all member  
functions  that  do  not  modify  the  calling  object  should  be  used  
with  every  member  function

In  short,  you  have  to  use  const everywhere  or  nowhere  to  
ensure  that  your  code  will  compile  as  you  may  end  up  
embedding  functions  in  functions.
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So  the  two  ways  to  use  const are:
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Our  updated  version  of  the  class  Money  would  look  like:

…
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Our  updated  version  of  the  class  Money  (cont’d):

…
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Overloading  Operators

Although  we  can  create  functions  called  “add”  and  “subtract,”  it  
would  be  nice  to  be  able  to  declare  objects  and  use  the  normal  
operators  ‘+’  and  ‘-’:

(Instead  of:                                                                                                )
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But  operators  are  actually  functions  - with  a  slightly  different  
syntax  of  use.
(e.g.                                                          instead  of                                                                      )

Since  we  can  overload  functions,  we  can  also  overload  operators.

Note:  ‘+’  is  a  binary  operator,  with  the  arguments  before  and  after  it  
(as  opposed  to  having  its  function  parameters  listed  in  parentheses  
after  the  function  name).
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Overloaded  operators  look  like  this:

You  don’t  have  to  make  them  friend  functions,  but  note  the  operator 
keyword.
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When  you  use  an  overloaded  operator,  it  looks  like  normal:
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When  you  define  an  overloaded  operator,  it  looks  like:

Again  note  the  keyword  operator  is  used  here.
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7  Rules  for  Overloading  Operators

1. At  least  one  argument  of  the  overloaded  operator  must  be  
of  a  class  type.

2. Overloaded  operators  can  be  friend  functions,  member  
functions,  or  ordinary  (non-friend  functions).

3. You  cannot  create  a  new  operator.

4. You  cannot  change  the  number  of  arguments  that  an  
operator  uses  (e.g.  you  can’t  change  ‘*’  to  a  unary  operator  
and  you  can’t  change  “++”  to  a  binary  operator).
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7  Rules  for  Overloading  Operators

5. You  cannot  change  the  precedence  of  an  operator  (e.g.  
a*b-c  always  means  (a*b)-c even  if  a,  b,  and  c  are  objects).

6. You  cannot  overload  the  following  operators:  the  dot  
operator  (.),  the  scope  resolution  operator  (::),  or  the  
operators  “.*”  and  “?:”

7. If  you  want  to  overload  the  overloaded  assignment  
operator,  this  is  done  differently  (we’ll  talk  about  it  later).  
Some  other  operators  (e.g.  []  and  ->)  are  also  overloaded  
differently.  We  might  talk  about  these  later,  but  they  are  in  
your  text  book.
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int integer
float floating_pt:
…
floating_pt = integer;

Similar  to  when  an  int is  automatically  cast  to  a  float,  if  you  
have  the  right  constructors, the  compiler  will  perform  certain  
types  of  conversion  for  your  classes  automatically.
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The  output  of:

is:

How?
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When  the  compiler  goes  to  evaluate:                                                                            ,    
it  first  checks  to  see  that  ‘+’  is  overloaded  for  an  object  of  type  
Money  and  an  integer.

If  there  isn’t,  it  looks  for  a  constructor  with  a  single  parameter  
of  type  integer  (which  there  is)  and  converts  it  to  type  Money.

After  the  conversion,  the  overloaded  ‘+’  can  be  used  to  add  the  
two  parameters  of  class  type  Money  together.

As  such,  this  assignment  won’t  work  (Why?):
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To  fix  it:

You  can  write  the  function  definition  yourself  for  practice.
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Remember  you  can  also  overload  unary  operators  so:

So  amount3would  equal  -$10.

If  you  overload  ++  and  -- ,  by  default  you  are  overloading  the  
prefix  version  (with  that  order  of  precedence).    The  postfix  
version  is  done  differently.

If  you  are  feeling  comfortable  with  programming,  you  should  
look  it  up.
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This  is  an  improved  version  of  our  Money  class:
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This  is  an  improved  version  of  our  Money  class  (cont’d):

REMEMBER:  comments  in  the  class  definition  are  part  of  your  
interface,  so  be  sure  to  clearly  define  all  member  and  friend  
functions.
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You  can  also  overload  the  insertion  operators,  but  there  are  a  
few  more  details  to  consider.
Because  it  is  cleaner,  ideally,  what  we  want  is:

instead  of:

But  what  is  the  return  type  of  “<<“?
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Remember  the  following  assignment  in  C++:

is  equivalent  to:

So  the  return  type  of  “<<“  is  the  stream  (cout)
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We  no  longer  need  the  output  member  function  as  part  of  the  
class  Money  and  the  replacement  function  looks  very  similar

Think:  Why  do  we  need  to  replace  the  references  to  
all_centswith  amount.all_cents.
Also,  why  is  the  return  value  ostream&?
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Why  is  the  return  value  ostream&?

If  you  returned  ostream,  you  would  be  returning,  the  entire  
file/keyboard/screen  (that  doesn’t  make  sense)
The  ‘&’  means  you  are  returning  a  reference  (a  pointer)  as  
opposed  to  the  value.    

This  means  you  are  returning  the  actual  object  and  not  
simply  its  value
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The  extraction  operator  is  similar  to  the  insertion  operator

It  returns  a  pointer  to  the  input  stream  (incremented  through  
the  file/keyboard  input  to  just  after  the  last  extracted  value)

This  might  make  it  a  little  easier  to  understand  why  we  
need  to  use  pointers  instead  of  values.
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Summary  of  Insertion  and  Extraction  operator  function  
declarations  and  definitions:
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Here’s  an  example:
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Here’s  an  example  (rest  of  the  class  def’n and  non-member  
function):

…..
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Remaining  code  describing  the  insertion  operator:



Review  Questions  for  Slide  Set  3

• What  are  friend  functions?  Why  are  they  valuable/needed?
• Should  friend  functions  be  public  or  private?
• Are  friend  functions  member   functions?
• Do  friend  functions  break  our  rules  of  encapsulation?
• When  should  you  use  friend  functions?
• If  you  change  your  class  implementation,  would  you  have  to  
change  the  friend  functions?

• When  and  why  is  a  call  by  reference  more  efficient   than  a  call  
by  value?

• What  does  the  const parameter  do?  When  should  you  use  the  
const parameter?
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Review  Questions  for  Slide  Set  3

• Do  you  use  the  const parameter  in  the  function  declaration,  
function  definition,  or  both?

• Will  a  compiler  allow  you  to  change  a  parameter  marked  with  
the  const label?

• Why  is  the  const paramter important   in  the  context  of  member  
functions?

• What  is  operator  overloading?    What  keyword  do  you  need?    
Are  they  friend,  member  or  non-member  functions?

• Why  do  you  return  ostream&  when  overloading  the  insertion  
operator  (<<)  as  opposed  to  just  ostream?

• What  is  the  extraction  operator?
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