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CHAPTER

9 Design Patterns

In the ealier chapters, we have seen that a central goal of objed-oriented pro-
gramming is the support of code reuse. This chapter examines the tangential, but
equally important concept of idea reuse: the reuse of basic progranming and
design technique, rather than the reuse of actual code. Many of these techniques
are known as design patterns.

In this chapter, we will see

e Why design patterns are important

» Several examples of object-based design patterns, including the Functor,
Adapter, Wrapper, Iterator, Composite, and Observer patterns.

» Some sophisticated C++ programming tricks

» A brief discussion of object-oriented (inheritance-based) design patterns.

5.1 What Is a Pattern?

Althoughsoftware design and programming are often difficult challenges, many
experienced software engineeas will argue that software engineeiing redly has
only arelatively small set of basic problems. Perhaps thisis an understatement,
but it istrue that many basic problems are seen over and over in software projeds.
Software enginee's who are famili ar with these problems, and in particular, the
eff orts of other programmers in solving these problems, have the alvantage of not
needing to “reinvent the wheel.”

Theideaof adesign pattern is to document a problem and its lution so that
others can take advantage of the wlledive experience of the entire software engi-
neeing community. Writing a pattern is much like writing a recipe for a cook-
book; many common patterns have been written and rather than expending
energy reinventing the whed, these patterns can be used to write better programs.
Thus a design pattern describes a problem that occurs over and over in software
engineeing, and then describes the solution in a sufficiently generic manner asto
be gplicablein awide variety of contexts.

Like aredpe, design petterns usualy follow aformat. There ae several for-
mats for designing a pattern. Typicdly, a design pattern consists of:

A design pattern
describes a prob-
lem that occurs
over and over in
software engineer-
ing, and then de-
scribes the solution
in a sufficiently ge-
neric manner as to
be applicable in a
wide variety of con-
texts.
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1. The pattern name.

2. The problem, including a spedfication of the problem the pattern
solves, an explanation of why this problem isimportant, some
applications of the problem, and examples of known uses.

3. Thesolution, including a description of the dassesin the patterns,
possbly with a structure diagram, a generic (language indepen-
dent) implementation d the pattern, with language-spedfic isales
as appropriate, and sample code.

4. Consequences, including the results and trade-offs, of using the
pattern, and adiscusson d related patterns.

In this chapter, we will discuss gvera patterns that are commonly used in
object-based data structures. Our pattern specificaions will not be & formal as
discussd above, but where reasonable, we will provide some @de, and inters
to the use of the pattern elsewhere in the text. Toward the end d the chapter, we
will see some object-oriented patterns.

5.2 The Functor (Function Objects)

In Chapter 3, we saw how function templates can be used to write generic dgo-
rithms. As an example, the function template in Figure 5.1 can be used to find the
maximum item in an array.

1 // Ceneric findMax for Conparables; uses natural order.

2 /] Precondition: a.size( ) > 0.

3 tenplate <cl ass Conparabl e>

4 const Object & findMax( const vector<Conparable> & a )

5 {

6 int maxl ndex = O;

7

8 for( int i =1; i <a.size( ); i++)
9 if( a[ maxlndex 1] <a[ i ] )

10 max| ndex = i;

11

12 return a[ mexl ndex ];

13 }

Figure 5.1  Generic f i ndMax algorithm: works only for Conpar abl e
objects, and uses their natural order
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1 // A sinple rectangle class.

2

3 class Rectangle

4 {

5 public:

6 Rectangle( int len =0, int wid =0)

7 : length( len ), width( wid ) { }

8

9 int getLength( ) const

10 { return length; }

11

12 int getWdth( ) const

13 { return width; }

14

15 void print( ostream & out = cout ) const
16 { out << "Rectangle " << getLength( ) << " by "
17 << getWdth( ); }

18

19 private:

20 int |ength;

21 int wdth;

22 };

23

24 ostream & operator<< ( ostream & out, const Rectangle & rhs )
25 {

26 rhs.print( out );

27 return out;

28 }

Figure 5.2 Rect angl e class that does not have a meaningful
oper at or < function

However, the template has an important limitation. That is, it works only for
objeds that have an oper at or < function defined, and it usesthat oper at or <
as the basis for all comparison dedsions. There ae many situations in which this
isnot feasible. As an example, consider the Rect angl e classin Figure 5.2.

The Rect angl e classdoes nat have an oper at or <. The main reason for
thisis that becaise there ae many plausible dternatives, it is difficult to dedde
on a goad meaning for oper at or <. We wuld base the comparison on areg
perimeter, length, width, and so on Aswe saw in the Shape examplein Sedion
4.3, oncewe writeoper at or < asamember function, we ae stuck with it.

Even without oper at or < asamember function, we wuld still write atwo-
parameter nonmember oper at or <, and separate the cmparison from the rect-
angle dass Thus ead time we write a new program, the program can spedfy its
ownversion d oper at or <. Thisisaslight improvement, but we can write only
oneoper at or < for the program. What if we want to havef i ndMax work with
several different comparison alternatives?

225
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/1 Generic findMax, with a function object.

/1 Uses a named nethod in the function object.

/1 Precondition: a.size( ) > 0.

tenpl ate <class Object, class Conparator>

const Object & findMax( const vector<Chject> & a,
Conpar at or conp )

{

ONONOHEAWN —

int maxlndex = 0;

10 for( int i =1; i <a.size( ); i++)
1 if( conmp.isLessThan( a[ maxlndex ], a[ i ] ) )
12 max| ndex = i;

14 return a[ mexlndex ];

18 // Conpare object: ordering by |ength.

19 class LessThanByW dth

20 {

21 public:

22 bool isLessThan( const Rectangle & |hs,

23 const Rectangle & rhs ) const
24 { return Ihs.getWdth( ) < rhs.getWdth( ); }
25 };

27 int main( )

30 cout << findMax( a, LessThanByWdth( ) ) << endl;

32 }

Figure 5.3 Example of a function object that does not use function call
operator overloading

The solution to the problem is to passthe comparison function as a second
parameter to f i ndMax, and havef i ndMax use the comparison functioninstead
of asauming the existence of an oper at or <. Thusf i ndMax will now have two
parameters. a vect or of Cbj ect (which need not have aty oper at or <
defined), and a comparison function.

The main isaue left is how to passthe comparison function. Some languages,
including C++, allow parameters to be functions (adualy they are pointers to
functions). However, this lution dten has efficiency problems and is not avail-
ablein all objed-oriented languages.

Instead, asolutionthat worksin all objed-oriented languagesisto use afunc-
tion object. The function objed is sometimes known as a functor.
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1 // Ceneric findMax, with a C++-style function object.
2 // Precondition: a.size( ) > 0.

3 tenplate <class Object, class Conparator>

4 const Object & findMax( const vector<Object> & a,

5 Conpar ator isLessThan )
6 {

7 int maxlndex = 0;

8

9 for( int i =1; i <a.size( ); i++)

10 if( isLessThan( a[ maxlndex ], a[ i ] ) )
11 max| ndex = i;

12

13 return al mexlndex ];

14 }

Figure 54  fi ndMaX with a C++-style function object.

The function objed often contains no data. It contains asingle method, with a
given name, that is gedfied by the generic dgorithm (in this case f i ndMax).
The objed, which is smply an instance of the single-method classis then passd
to the dgorithm, which in turn cals the single method o the function objed. We
can design different comparison functions by simply dedaring new classes. Each
new classcontains a diff erent implementation d the agreed-upon single method.
An exampleis siownin Figure 5.3.

fi ndMax now takes two parameters. The second parameter is the function
objed. As siown on line 11, fi ndMax expeds that the function objed imple-
ments a method remed i sLessThan (spedficdly, it is expecting that
i sLessThan takes two parameters, both of type compatible with Obj ect , for
whatever Obj ect turns out to be). Since the name of the function doject param-
eter is conp, line 11 cdls the comparison function by conp. i sLessThan.
What is the type of conp? conp can be ay type (that has an i sLessThan
method), so we know its type is a seaond template parameter. We use the sym-
bolic name Conpar at or to signify its role. (Funct or would work also, but
Compar at or isamore spedfic name for thisfunction ohjed.)

Once f i ndMax is written, it can be cdled in mai n. To doso, we nedl to
passto fi ndivax avect or of Rect angl e objects and a function ohjed that
hasani sLessThan method. Weimplement anew classLessThanByW dt h,
which contains the required method. That method returns a Bodlean indicating if
the first rectangle is lessthan the second redangle on the basis of widths. mai n
simply passes an instance of LessThanByW dt h to f i ndax.

Observe that the LessThanByW dt h object has no data members. Thisis
usualy true of function objeds, and so function dojects are often passed using
call by vaue. Observe dso that when the f i ndiVax template is expanded, the
type of conp isknown. Therefore, the definition of conp. i sLessThan isalso
known. An aggressive compiler can perform the inline optimization d repladng
the function cdl to conp. i sLessThan with the atual definition. In many

<
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contains a method
specified by the ge-
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cases, the aility of the compiler to perform this inline optimization can signifi-
cantly deaease the running time.

The function oljed technique is an illustration d a pattern that we seeover
and over again, not just in C++, but in any language that has objeds. In C++,
there is an additional coding trick that makes the ade look much prettier in the
generic dgorithm, and only slightly udier in the function objed’s class

The prettier f i ndMax is gown in Figure 5.4. There are two basic changes:

* Line10now hasthe cdl toi sLessThan, apparently without a control-
ling object.
e i sLessThan isthe parameter tof i ndMax.

So it appeasthat we ae passng the method dredly tof i ndMax and bypassng
the function ohjed. That is not what is adually happening. Instead, we have used
the C++ trick of overloading the function cal operator in the function object
itself. What we mean by thisisthat sincei sLessThan is an object, line 10,
which reads as

if( isLessThan( a[ maxlndex ], a[ i ] ) )
isadualy interpreted as

i f( isLessThan.operator() ( a[ maxIndex ], a[ i ] ) )

/1 Conpare object: ordering by |ength.
cl ass LessThanByLength
{
publi c:
bool operator( ) ( const Rectangle & |hs,
const Rectangle & rhs ) const
{ return I hs.getLength( ) < rhs.getlLength( ); }

NV O NONOEA WN —

—_
o

11 // Conpare object: ordering by area.
12 cl ass LessThanByArea

13 {

14 public:

15 bool operator( ) ( const Rectangle & |hs,

16 const Rectangle & rhs ) const
17 { return I hs.getLength( ) * Ihs.getWdth( ) <
18 rhs.getLength( ) * rhs.getWdth( ); }
19 };

Figure 5.5 Two C++-style function objects to compare Rect angl e
objects
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oper at or () isthefunction call operator, much like operat or[] isthe operator() isthe
array indexing operator. With this mind-blowing piece of C++ syntax, we cax  function call operator
implement various function oheds in Figure 5.5. Figure 5.6 shows a simple
nmai n that places sme Rect angl e objeds in avect or and then, using the
function objeds of types defined in Figure 5.5, finds the maximum Rect angl e,
first onthe basis of length, and then onthe basis of area

5.3 Adapters and Wrappers

When we implement algorithms, often we runinto alanguage typing problem: we
have an dbject of one type, but the language syntax requires an object of adiffer-
ent type. Sometimes atype wnversion works. Often we neal alittle more.

For instance, in Section 4.3, we found that sorting pointers to shapes did not
quite work because oper at or < is already defined for pointers. Consequently,
we nealed to define anew classthat stored the pointer and defined a meaningful

oper at or <.
1 #include <iostreanp
% 2 #include <vector>
3 using nanespace std;
4
5 // main: create four rectangles.
6 // find the max, using two different criteria.
7 int main( )
8 {
9 vect or <Rect angl e> a;
10
11 a. push_back( Rectangle( 1, 10 ) );
12 a. push_back( Rectangle( 10, 1) );
13 a. push_back( Rectangle( 5, 5) );
14 a. push_back( Rectangle( 4, 6 ) );
15
16 cout << "Largest length:\n\t"
17 << findMax( a, LessThanByLength( ) ) << endl;
18 cout << "Largest area:\n\t"
19 << findMax( a, LessThanByArea( ) ) << endl;
20
21 return O;
22 }

Figure 5.6  Sample program that illustrates f i ndMaX with two different
comparison functions
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A wrapper class
stores a primitive
type, and adds op-
erations that the
primitive type does
not support cor-
rectly.

An adapfter class is
used when the in-
terface of a class is
not exactly what is
needed.

The Poi nt er wil
store, as a data
member, a pointer
to a Conpar abl e.

This technique ill ustrates the basic theme of awrapper class. Onetypica use
isto store aprimitive type, and add operations that the primitive type either does
not support or does not suppart correctly. A similar concept is an adapter class.
An adapter classistypicdly used when the interfaceof a dassis nat exactly what
isneaded, and provides awrapping effed, while changingthe interface(in aman-
ner similar to eledrical adapters).

One difference between wrappers and adapters is that often an adapter is
implemented by private inheritance Notice that the implementation via private
inheritance is often na available for wrapper classes that wrap a primitive (and
therefore, non-clasg type. This ®dion illustrates some useful examples of wrap-
per classes and aso provides an example of an adapter class

5.3.1 Wrapper for Pointers

This subsedionill ustrates two wrapper templates for pointers. Our first template
is based on the shape example. We will use it when we discussindired sorting in
Sedion 9.9. The second exampleillustrates a casual implementation d the newly
standardized aut o_pt r class Thiswrapper is used to add limited destructor-
like behavior to pointers.

Pointers for Sorting

Our first wrapper is the dasstemplate, Poi nt er, shown in Figure 5.7. The
Poi nt er will store, as a data member, a pointer to a Conpar abl e. We can
then provide acomparison operator for the Poi nt er type.

1 // Cass that waps a pointer variable for sorting.
2

3 tenpl ate <cl ass Conparabl e>

4 class Pointer

5 {
6 public:
7 explicit Pointer( Conparable *rhs = NULL )
8 pointee( rhs ) { }
9 bool operator<( const Pointer & rhs ) const
10 { return *pointee < *rhs. pointee; }
11 operator Conparable * ( ) const
12 { return pointee; }
13 Conparable * get( ) const
14 { return pointee; }
15
16 private:
17 Conpar abl e *poi nt ee;
18 };
Figure 5.7 Poi nt er class, which wraps a pointer variable for sorting

<
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The data member, poi nt ee, isdeclaredinthepri vat e sedion at line 17.
The onstructor for the Poi nt er classrequires an initial value for poi nt ee
(which defaultsto NULL if omitted); thisis sown at line 7.

Classes that encapsulate the behavior of a pointer are sometimes cdled smart
pointer classes. This classis snarter than a plain pdnter becaise it automatically
initializes itself to NULL, if no initial valueis provided.

Implementing oper at or < is identicd to the Pt r ToShape classin Sec
tion 418. As was dore there, we just apply the < operator to the Conpar abl e
objeds that are being pointed at. Note caefully that thisis not circular logic. The
(template) oper at or < at line 9 in class Poi nt er compares two Poi nt er
types, the cdl at line 10 will compare two Conpar abl e types.

Line 11 shows bizarre C++ syntax at its finest. This is the type mnversion
operator; in particular, this method defines a type nversion from
Poi nt er <Conpar abl e> to Conpar abl e *. The implementation is simple
enough; we just return poi nt ee at line 12. This allows us to get at the pointer.
Although we ould have used a named member function, such asget , at line 13,
thistype mnversion simplifiesthel ar geObj ect Sor t algorithm in Figure 9.9.

It is important to remark that these type wnversions are grea when they
work, but they can cause unexpeded problems. Consider the code in Figure 5.8.
We have provided oper at or ! =, andto avoid any suspicious compiler bugs, we
writeit asared function, instead of a function template.

Suppose that the constructor at line 7 in Figure 5.7 was nat dedared using
explicit.Inthiscaseline 13would not compile! Thisis because an ambiguity
would be created. We can either convert g toani nt *, and wsethe ! = operator
that is defined for primitive pointer variables, or we cn promote p to a

Poi nt er <i nt >, using the wnstructor, and then use the ! = defined for
Poi nt er <i nt >.
1 // Define !=for two Pointer<int> objects.
2 bool operator!= ( const Pointer<int> & | hs,
3 const Pointer<int> & rhs )
4 {
5 return lhs < rhs || rhs < I|hs;
6}
7
8 int main( )
9 {
10 int *p =newint( 3);
11 Pointer<int> q( newint( 4) );
12
13 if( g!=p) [/ Conpare pointed-at objects???
14 cout << "qg and p are different" << endl;
15 return O;
16 }
Figure 5.8 Ambiguity with dual-direction type conversions

Classes that encap-
sulate the behavior
of a pointer are
called smart
pointer classes.

Type conversions
can cause unex-
pected problems.

Avoid dual-direc-
tion implicit conver-
sions in any non-triv-
ial class.
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Theaut o_ptr
wraps a pointerand
its destructor calls
del et e.

Scenario #1: We
needtodel etea
local dynamically
allocated object.

Scenario #2: We
need to del et e
an object created
and returned from
a completed func-
tion call.

There ae lots of ways out of this quandary, but sufficeit to say, becaise of
this, you should generally avoid dual-diredion implicit conversions in any non
trivial class If you always use expli cit, or you never use type anversion
operators, you won't have this problem.

Auto-pointers

The recently adopted C++ standard has added a new wrapper classcalled the
aut o_pt r. Thisclassisintended to help solve three ®@mmon C++ pointer prob-
lems.

Recdl that if an dojed isdynamicdly allocaed bya cdl to new, then it must
eventualy be freed by a call to del et e. Otherwise, we can have amemory (or
other resource) lek. Theaut o_pt r isintended to help do this automaticdly by
wrapping the pointer inside the auto_ptr class and then having the
auto_ptr destructor cal del ete. There ae three scenarios that the
aut o_pt r isdesigned for.

In the first scenario, inside afunction, alocd pointer variable dlocates, via
new, an objed that haslocd scope only. When the function returns, it is expeded
that the objed isfreed bya cdl todel et e. Typicd code looks like:

void func( )

{
oj ect *obj = new Object( ... );

del ete obj;
}

This code seans smple enough, but there are dangerslurking. If f unc has multi-
ple returns, then we must be careful that del et e is always reached. And if
f unc throws an urcaught exception, the del et e never occurs. However, since
destructors are always called when a function exits (even if via an uncaught
exception), if the pointer is wrapped inside an object whose destructor cals
del et e, the memory will be redaimed.

The second scenario is a function that alocates an ohjed and returns a
pointer to it. The cdler is now expected to cdl del et e when it nolonger needs
the objed. Typicd code looks like:

oj ect *funcl( )
{
bj ect *obj1 = new Object( ... );

return obj1;
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voi d func( )

{
oj ect *obj = funcl( );

del ete obj;
}

This has smilar problems as the first scenario (we must make sure that we readh
thedel et e inall cases), except that we must make suredel et e isnot cdled in
funcl.

A third scenario is a function that allocates an oljed and then calls another
function, with the expedation that the other function will clean up as $own
below:

void func( Object *obj )

{
déiéte obj ;

}

void funcl( )

{ hj ect *objl = new hject( ... );
func( obj1):

}

We remark that this al the aut o_pt r is expeded to be used for. Fancier
automatic garbage collection requires more sophisticated logic.

The basic property of the aut o_pt r wrapper is as follows. It will wrap the
pointer variable (thus it stores the value of the pointer as the poi nt ee data
member). It will also maintain an indicaion of whether or not it is the owner of
the pointer (asaBooleani sOaner ). If it isthe owner, then when its destructor is
called, it must apply the del et e operator to the pointer. When a @py is per-
formed ownership is transferred.

Figure 5.9 illustrates our version, the Aut oPoi nt er . The basic constructor
is shown starting at line 7. It smply setspoi nt ee and i sOaner . The destruc-
tor cdls the member function free, which itself cals del ete if the
Aut oPoi nt er isthe owner (of poi nt ee). Lines 37 and 38implement some of
the same logic that was ®en in the Poi nt er classealier in this ®dion. The
codein lines 33 to 36 implements the dereferencing gperator (which isthe equiv-
alent of * poi nt ee), and - > (which isthe equivalent of poi nt ee).

Only three other methods are left: r el ease, the copy constructor, and
oper at or =. Ther el ease method (lines 39 and 40) gives up ownership, but
otherwise behaves like get . The intent is that it can be cdled when control is
transferred by a copy ogeration.

<

Scenario #3: We
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pointee.
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1 // dass that waps a local pointer variable.
2
3 tenplate <class bject>
4 cl ass AutoPoi nter
5 {
6 publi c:
7 explicit AutoPointer( Object *rhs = NULL )
8 isOmer( rhs !'= NULL ), pointee( rhs ) { }
9
10 Aut oPoi nter ( AutoPointer & rhs ) : isOwer( rhs.isOwer )
1 { pointee = rhs.release( ); }
12
13 ~Aut oPoi nter( )
14 { free( ); }
15
16 const Aut oPointer & operator= ( AutoPointer & rhs )
17 {
18 if( this !'= &rhs)
19 {
20 bj ect *other = rhs.get( );
21 if( other != pointee )
22 {
23 free( );
24 poi ntee = ot her;
25 }

% 26 else if( rhs.isOwer )
27 i sOwmer = true;
28 pointee = rhs.rel ease( );
29 }
30 return *this;
31 }
32
33 bj ect & operator* () const
34 { return *get( ); }
35 Obj ect * operator-> () const
36 { return get( ); }
37 Obj ect * get( ) const
38 { return pointee; }
39 Obj ect * release( )
40 { isOwmer = false; return pointee; }
41
42 private:
43 Obj ect *poi nt ee;
44 bool isOwner;
45
46 void free( )
47 { if( isOwer ) delete pointee; }
48 };

Figure 5.9  The aut o_pt r class (we use a different name)
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Thus, in the mpy constructor at lines 10 and 11, instead of copying the
pointer value with poi nt ee=r hs. poi nt ee, r hs. poi nt ee. r el ease()
is used on the right-hand side. Ownership is transferred viathe initiali zer list.

The most complicated routine isthe apy assgnment operator, shown at lines
16 to 31 The main complication is that before @pying into the target, we must
call del et e onthetarget's current poi nt ee if the target owns it (and the tar-
get’s current poi nt ee isdifferent than the new poi nt ee).

The main dff erence between this implementation and the implementation in
the C++ standard is behavior under inheritance. Spedficaly, consider classes
Base and Der i ved, as usual. Although aDer i ved* value can be mpied into
aBase* value, an Aut oPoi nt er <Der i ved> objed cannat be copied into a
Aut oPoi nt er <Base> object in our implementation. Adding this functionality
requires using member templates. Member templates all ow us to dedare member
function templates, using additional template types. For instance, here is how the
copy constructor would look:

t enpl at e<cl ass O her Obj ect >
Aut oPoi nt er ( Aut oPoi nt er <Ot her Cbj ect> & rhs )
i sOmer( rhs.isOmer ) { pointee = rhs.release( ); }

In this <enario, we define the construction (no longer a copy constructor) of an
Aut oPoi nt er of one type with an Aut oPoi nt er of any other type. How-
ever, the assgnment statement will generate a @mpiler error if the underlying
pointees are not type compatible.

While this is a slick solution, unfortunately, member templates are arecet
language adition that is not supported on all compilers.

5.3.2 A Constant Reference Wrapper

Reference variables in C++ are different from pointer variables in several ways.
One important difference is that whereas pointer variables can point at either an
objed or NULL, areference variable must reference an oljed. Sometimes thisis
unfortunate. For instance, when we search for an objed in an arbitrary container,
we may want to return areferenceto it. But what if the objed is nat found?

The solution, as usual, isto wrap the behavior of areferencevariable inside a
class Our class Cr ef , shown in Figure 5.10, mimics a cnstant reference vari-
able. (Alternatively, we could implement a simple reference dass, and even use
inheritance to make the reference and constant reference dasses type compatible.
Thisisleft as Exercise 5.18.) The implementationis graightforward.

We store apointer to the referenced objed as a private data member. The
pointer is initialized in the constructor, but is NULL if Cr ef is constructed with
no parameters. We provide aget method that returns the cnstant reference and
ani sNul I method that returns true if the null referenceis being represented.

<

Member templates
allow us to declare
member function
templates, using
additional tem-
plate types.
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Sometimes this is un-
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ence variable inside
a class.

Cr ef provides an
i sSNul I method
that returns true if
the null reference is
being represented.
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The adapter pat-
tern is used to
change the inter-
face of an existing
class to conform to
another.

1 // Cass that waps a constant reference vari able.
2 // Useful for return value froma container find nethod.
3

4 tenplate <class Object>

5 class Cref

6 {

7 publi c:

8 Cref( ) : obj( NULL ) { }

9 explicit Cref( const hject & x ) : obj( & ) { }
10

1 const Object & get( ) const

12 {

13 if( isNull() )

14 t hr ow Nul | Poi nt er Exception( );

15 el se

16 return *obj;

17 }

18

19 bool isNull( ) const

20 { return obj == NULL; }

21

22 private:

23 const Cbject *obj;

24 };

Figure 5.10 Constant reference wrapper

5.3.3 Adapters: Changing an Interface

The adapter pattern is used to change the interfaceof an existing classto conform
to another. Sometimesiit is used to provide asimpler interface either with fewer
methods, or easier-to-use methods. Other times it is used simply to change some
method names. In either case, the implementation techniqueis smilar.

As an example, our MenoryCel | class in Sedion 34 uses read and
wr it e. But what if we wanted the interface to useget and put instead? There
are two reasonable dternatives. Oneisto use cmpasition. However, this means,
for instance, that a cdl to get will then call r ead, thus adding an extra layer of
overheal. The other alternative isto use private inheritance

We use private inheritance to implement the new class St or ageCel | , in
Figure 5.11. Its methods are implemented by calls to the base classmethods. As
discussed in Sedion 4.4.5, in private inheritance, public methods in the base dass
are private in the derived class Thus, as Figure 5.12 illustrates, the only visible
methods are the St or ageCel | constructor, get , and put .
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1 // Aclass for sinmulating a nenory cell.

2

3 tenplate <class bject>

4 class StorageCell : private MenoryCel | <bj ect >

5 {

6 publi c:

7 explicit StorageCell( const Cbject & initialValue
8 = hject( ) )
9 : MenoryCel | <Object>( initialValue ) { }

10

1 const CObject & get( ) const

12 { return read( ); }

13 voi d put( const Object & x )

14 { wite( x); }

15 };

Figure 5.11  An adapter class that changes the Menor yCel | interface to
use get and put .

1 int main( )
2 {
3 St or ageCel | <i nt > mi;
4 St orageCel | <string> n2( "hello" );
5
% 6 ml. put( 37 );
7 m2.put( n2.get( ) + " world" );
8 cout << nl.get( ) << endl << nR.get( ) << endl;
9
10 /1 The next line does not conpile if unconmented.
11 /1 cout << ml.read( ) << endl;
12 return O;
13 }

Figure 5.12 lllustration of private inheritance: the Memor yCel | methods
are no longer visible

5.4 lterators

Consider the problem of printing the dementsin a mlledion. Typicdly, the l-  An iterator object
lection is an array, so assuming that the objed v is an expanded vect or tem- confrols iteration of
plate, its contents are ealy printed with code like: a collection.

for( int i =0; i <v.size( ); i++)
cout << v[ i ] << endl;
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When we program
to aninterface, we
write code that uses
the most abstract
methods. These
methods will be ap-
plied to the actual
concrete types.

getlterator re-
turns an appropri-
ate iterator for the
collection.

Inthisloop, i isaniterator objed, because it is the objed that is used to control
the iteration. However, using the integer i as an iterator constrains the design:
We can orly store the wllectionin an array-like structure. A more flexible dter-
native isto design an iterator classthat encgpsulates a positioninside of a allec
tion. Theiterator classprovides methods to step through the wlledion.

The key is the mncept of programming to an interface We want the cde
that performs accessof the mntainer to be & independent of the type of the con-
tainer as possble. Thisisdone by using oy methods that are mmonto al con-
tainers and their iterators.

There are many different posgbleiterator designs. We describe threedesigns,
inincreasing ader of complexity. Iterators are a wre mmponent of the STL, and
its design is smilar to our second design (but of course, is dightly more com-
plex). In Chapter 7, we discussSTL iterators. They are used throughout the case
studiesin Part IIl and some implementations of these iterators and the wlledions
that they iterate over are provided in Part 1V.

5.4.1 Iterator Design #1

The first iterator design uses only three methods. The mntainer classis required
to provide aget | t er at or method. get | t er at or returns an appropriate
iterator for the alledion. Theiterator classhas the other two methods, has Next
and next . hasNext returnstrue if the iteration has not yet been exhausted.
next returnsthe next item in the collection (and in the process, advances the
notion of the current position). Thisiterator interfacematches one that is provided
in the Java programming language.

To illustrate the implementation of this design, we write the @llection and
iterator class templates, MyVect or and Vectorlterator, respedively.
Their useis frownin Figure 5.13. MyVect or iswrittenin Figure 5.14. To sim-
plify matters, we inherit from the vect or class The only difference between
MyVect or andvect or isitsget | t er at or method. (The use of inheritance
here has nothing to do with the iterator pattern.)
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1 int main( )

2 {

3 MyVector<i nt> v;

4

5 v. push_back( 3 );

6 v. push_back( 2 );

7

8 cout << "Vector contents: " << endl;
9

10 Vectorlterator<int> itr = v.getlterator( );
1 while( itr.hasNext( ) )

12 cout << itr.next( ) << endl;

13

14 return O;

15 }

Figure 5.13 mai n method to illustrate iterator design #1

tenpl ate <class Obj ect>
class Vectorlterator;

/'l Sane as the vector, but has a getlterator nethod.
/1 No extra data, no overridden nethods, so non-virtual
/1 destructor in original vector is K

tenpl ate <class Obj ect>

class MyVector : public vector<Object>

10 {

1 publi c:

12 explicit MyVector( int size = 0)

13 : vector<nject>( size ) { }

14

15 Vectorlterator<Object> getlterator( ) const
16 { return Vectorlterator<Object>( this ); }
17 };

NV ONONOTEAE WN —

Figure 5.14 The MyVect or class, designs #1 and #2
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The iterator is con-
structed with a

pointer to the con-

tainer that it iter-
ates over.

1 // A passive iterator class. Steps through its M/Vector.
2

3 tenplate <class bject>

4 class Vectorlterator

5 {

6 publi c:

7 Vectorlterator( const MyVector<Object> *v )
8 ower( v ), count( 0 ) { }

9

10 bool hasNext( ) const

1 { return count != owner->size( ); }
12

13 const Cbject & next( )

14 { return (*owner)[ count++ ]; }

15

16 private:

17 const MyVect or <Obj ect > *owner;

18 int count;

19 };

Figure 5.15 Implementation of the Vect or | t er at or ., design #1

get |l terator simply returns a new iterator; notice that the iterator must
have information about the container that it isiterating over. Thus the iterator is
constructed with a pointer to the vect or . The only other methodin My Vect or
is the constructor, which simply calls the base-class constructor. Becaise we ae
using public inheritance, it would be proper to change the vect or class
destructor to bevirtual, if posgble. However, in this case it does nat matter, since
MyVect or adds no extra data members. As a result, this turns out to be a nice
example of public inheritance
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1 // A passive iterator class. Steps through its M/Vector.
2

3 tenplate <class bject>

4 class Vectorlterator

5 {
6 publi c:
7 Vectorlterator( const MyVector<Object> *v )
8 owner( v ), count( 0 ) { }
9
10 void reset( )
1 { count =0; }
12
13 bool isValid( ) const
14 { return count < owner->size( ); }
15
16 voi d advance( )
17 { count ++; }
18
19 const Object & retrieve( ) const
20 { return (*owner)[ count ]; }
21
22 private:
23 const MyVect or <Cbj ect > *owner ;
24 int count;
25 };
% 26
27 int main( )
28 {
29 MyVect or <i nt > v;
30
31 v. push_back( 3 );
32 v. push_back( 2 );
33 Vectorlterator<int> itr = v.getlterator( );
34
35 for( int i =0; i <2; i++)
36 {
37 cout << "Vector contents: " << endl;
38 for( itr.reset( ); itr.isValid( ); itr.advance( ) )
39 cout << itr.retrieve( ) << endl;
40 }
41
42 return O;
43 }

Figure 5.16 A new Vect or |t er at or, with some additional functionality,
and a test program
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Incomplete class
declarations are
necessary when
two or more classes
refer to each circu-
larly.

The second design
puts more function-
ality in the iterator

The STL iterator has
some commonality
with our second de-
sign, but also some
important differ-
ences.

Lines 1 and 2 represent an incomplete class declaration. This particular dec
laration states that Vect or | t er at or isa dasstemplate, but does not provide
the dassdefinition. However, thisis enough to make line 16 compil e. Incomplete
classdedarations are neaessary when two or more dasssrefer to ead circularly.

Figure 5.15 shows the Vect or | t er at or . The iterator kegps a variable
(count) that represents the aurrent position in the vedor, and a pointer to the
vedor. The implementation of the cnstructor and two member functions is
straightforward. The anstructor diredly initializes the data members in the ini-
tiaizer list, hasNext simply compares the aurrent position with the vedor size,
and next usesthe current position to index the aray (and then advances the aur-
rent position). Notice the use of const throughout, to ensure that this iterator
makes no attempt to modify the container.

5.4.2 lterator Design #2

A limitation d thefirst iterator designisthe relatively limited interface Observe
that it isimpossble to reset the iterator badk to the beginning, and that the next
method coupes aacess of an item with advancing. A second design, shown in
Figure 5.16, puts more functionality in the iterator. It leavesthe MyVect or class
completely unchanged.

The STL iterator has sme commondlity with our second design, but aso
some important differences. It is smilar in that the methods to advance and
retrieve ae separate. It is different in that the iterator can make changes to the
underlying colledion.
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tenpl ate <class Obj ect>
class lterator;

tenpl ate <class Obj ect>
class Vectorlterator;

/1 Same as the vector, but has a getlterator nethod.
/1 No extra data, no overridden nethods, so non-virtual
9 // destructor in original vector is OK!

ONONOHEAWN —

11 tenplate <class Object>
12 class MyVector : public vector<Object>

13 {

14 publi c:

15 explicit MyVector( int size =0 )

16 : vector<nject>( size ) { }

17

18 Iterator<Object> *getlterator( ) const

19 { return new Vectorlterator<Object>( this ); }
20 };

Figure 5.17  Inheritance-based iterator design. get | t er at or retumns a
pointer to an iterator
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ONONOHEAWN —

N et ot ot ol it o - —
OV ONOOGAWNMNM—=OVO

21
22
23
24
25
26
27
28
29
30
31
32
33
34

/1 A passive iterator class protocol.
/1 Steps through its container.

tenpl ate <class Obj ect>
class Iterator

{
publi c:
virtual ~lterator( ) { }
virtual bool hasNext( ) const = O;
virtual const Object & next( ) = 0;
b

/1 A concrete inplenentation of the iterator.
/1 Coul d have been nested inside of MyVector!

tenpl ate <class Obj ect >
class Vectorlterator : public Iterator<Object>
{
public:
Vectorlterator( const MyVector<Object> *v )
owner( v ), count( 0) { }

bool hasNext( ) const
{ return count != owner->size( ); }

const Object & next( )
{ return (*owner)[ count++ ]; }

private:
const MyVect or <Obj ect > *owner;
int count;

b

Figure 5.18 The iterator abstract class and a concrete implementation

Another difference is that the STL iterator does not have i sVal i d or

reset methods. Instead, the container has a method to return an invalid iterator
and a method to return an iterator representing the starting point. We can test if an
iterator isin an invalid state by comparing it with the invalid iterator given by the
container. We can reset the iterator by copying the starting pant iterator into it.
The STL aso makes extensive use of operator overloading. For example,
advance isreplaced with oper at or ++. Detailson using STL iterators can be
foundin Chapter 7.
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5.4.3 Inheritance-based Iterators and Factories

The iterators designed so far manage to abstrad the concept of iteration into an
iterator class. Thisis goad, because it means that if the wll ection changes from
an array-based coll ection to something else, the basic code such as lines 38 and
39in Figure 5.16 does naot nead to change.

While thisis asignificant improvement, changes from an array-based collec
tion to something else require that we change all the dedarations of the iterator.
For instance, in Figure 5.16, we would need to change line 33. We discuss an
aternative in this sdion.

Our basic ideaisto define an abstrad base dassl t er at or . Corresponding
to each dfferent kind of contain is an iterator that implements the | t er at or
protocol. In ou example, this gives three dasss: MyVect or, I terat or, and
Vectorlterator. The relationship that holds is Vectorlterator ISA
It erator. The reason we do this is that ead container can now create an
appropriate iterator, but passit badk asan abstrac | t er at or .

Figure 5.17 shows MyVect or . The new MyVect or returns a pointer to an
I'terator obeda that is dynamicdly constructed by calling new. Since
Vectorlterator ISA lterator,thisis sfeto da Noticethat the use of
inheritance and pdymorphism will require that we introduce pointers or refer-
ences. As we will see this muddes the ade abit, which is one reason why the
STL istemplate-based, rather than inheritance-based.

Becaise get |t erat or creaes and returns a new |terator obed,
whose adual type is unknown, it is commonly known as a factory method. The
iterator classes are shown in Figure 5.18. First, we have the astrad classl t er -
at or, which serves smply to establish the protocol by which al subclasses of
I terator can be accessd. The protocol is gpedfied with pure virtual func-
tions. As usual, we have avirtual destructor.

This version of Vector |l terator is esentiadly identical to the origina
implementationin Figure 5.18, except that it isaderived classof | t er at or .

[terators 245

An inheritance-
based iteration
scheme defines an
iterator abstract
base class. Clients
program to this in-
terface.

The inheritance-
based scheme in-
troduces pointers
(or references). The
iterators are now al-
located by new.

A factory method
creates a new con-
crete instance, but
returns it using a
pointer (or refer-
ence) to the ab-
stract class.
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Nowhere in nai nis
there any mention
of the actual itera-
tor type.

The dynamically al-
located iterator

must be reclaimed
by calling del et e.

1 int main( )

2 {

3 MyVect or<i nt> v;

4

5 v. push_back( 3 );

6 v. push_back( 2 );

7

8 cout << "Vector contents: " << endl;
9

10 Iterator<int> *itr = v.getlterator( );
1 while( itr->hasNext( ) )

12 cout << itr->next( ) << endl;

13

14 delete itr;

15

16 return O;

17 }

Figure 5.19 lllustration of the use of iterators in inheritance-based design

Figure 5.19 demonstrates how the inheritance-based iterators are used. At
line 10, we seethe dedaration of i tr: it isnow a pointer to an | t er at or.
Nowhere in mai n is there any mention of the adual Vect or | t er at or type.
In fad, we could have written Vect or | t er at or as a nested classin the pri-
vate sedion of MyVect or . Thefad that aVect or | t er at or existsisnot used
by any clients of the MyVect or class Thisisavery dlick design, and illustrates
nicely theideaof hiding an implementation and programming to an interface.

The danges to mai n are relatively minimal. Lines 11 and 12 change
becaise we must use oper at or - > instead of the dot operator.

Line 14 illustrates a down side: the dynamicdly allocated iterator must be
redaimed by caling del et e. Remembering to dothis al the time is annoying.
However, if we examine this closdly, we see aclassc gpplication of scenario #2
for theaut o_pt r . Recdl from Sedion 5.3.1 (page 232) that in this <enario, an
object is alocaed inside a function (in this case, getlterator), and is
returned to the cler. The cdler isresporsible for handling the del et e. Thisis
exadly the situation in Figure 5.19. Thus although inconvenient, there is sme
suppat in the language to make our life easier.

By the way, recdl that at the end d Sedion 53.1 (beginning on page 235),
we e&plained that our version o Aut oPoi nter differed from the STL
aut o_ptr becaise the STL version alows any compatible pointers to be
wrapped, whil e our version requires an exad type match. We dso explained that
member templates could be used to loasen the requirement of an exact type
match. If we look at how the aut o_pt r would be used here, we seethat we
would need to do the following:
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1. InFigure5.19,line10,i t r would bean aut o_ptr, andline 14

would disappear.

2. InFigure5.17, get I t er at or would be rewritten to return an
aut o_ptr (line 18) andthe result of new would be wrapped
insideanaut o_ptr (line19).

These changesto get | t er at or, give the following implementation:

auto_ptr<iterator<Qoject> > getlterator( ) const
{ return auto_ptr<Ilterator<Cbject> >( new
Vectorlterator<Cbject>( this ) ); }
The construction of an aut o_ptr<Ilterator<Object> > witha
Vect or | t er at or <Obj ect > painter, implies that we need the STL version.

5.5 Composite (Pair)

In most languages, a function can return only a single object. What do we do if A common design

we nedl to return two or more things? There ae several passhilities. Onedterna-  pattem is to return

tive is to use reference variables. The other isto combine the objectsinto asingle  fwoobjects as a
% struct (orcl ass). The most common situationin which multiple objectsneed  P9"

to bereturned is the cae of two objects. So a wmmon design pettern isto return

thetwo objeds as apair. Thisis the Composite pattern.

In addition to the situation described abowve, pairs are useful for implementing  Pairs are useful for
maps and dctionaries. In bah these @stradions, we maintain key-value pairs; implementing key-
the pairs are alded into the map o dictionary, and then we search for a key, Vvalue pairsin maps
returning its value. One common way to implement amap asto use aset. Inaset, ©nd dictionaries.
we have a allection of items, and seach for a match. If the items are pairs, and
the match criterion is based exclusively onthe key component of the pair, then it
is easy to write an adapter classthat constructs a map onthe basis of a set. We
will seethisidea explored in more detail i n Chapter 19.

The Standard Template Library defines a pai r class Animplementation is The SIL defines a
shown in Figure 5.20. Noticethat it isaclassonly in the technicd sense; thedata pai r closs.
members are public.
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The Observer pat-
tern involves a sub-
ject and a set of
observers. The ob-

servers are fo be in-

formed whenever
something interest-
ing happens to the
subject.

5.6 Observer

Our last pattern is the Observer pattern. The typical use of the Observer pattern
involves a subject and a set of observers. For thisto be interesting, the number of
observers can vary as the gplication runs, and can be large. The basic premiseis
that the observers are to be informed whenever something interesting happens to
the subjed.

A simplistic example of this could be awindowing operating system, such as
Windows or Mac O/S. When awindow is creged or maximized, it covers other
windows. These windows that are covered are now observers in the sense that
they want to be informed when the newly created window is minimized or
destroyed, or simply moved, as this might require that the previously hidden win-
dows be redrawn.

1 // Cass (nore like a struct) that stores
2 // a pair of objects.

3

4 tenplate <class Typel, class Type2>

5 class pair

6 {

7 publi c:

8 Typel first;

9 Type2 second;

10 pair( const Typel & f = Typel( ),
1 const Type2 & s = Type2( ) )
12 : first( f ), second( s ) { }

13 };

Figure 520 The pai r class; basically the same as the STL version

Another example might be a class that wraps pointers. Several wrapper
objects may be sharing a pointee that is pointing at some dynamically all ocaed
object. If oneinstance of the wrapper cdlsdel et e onthe dynamicdly all ocaed
object, then the other wrappers have stale pointers, which gves undefined behav-
ior that can be hard to detect. A solution is that when the del et e is performed,
we inform all the wrappers that are looking at that deleted oljed, perhaps setting
their pointeesto NULL to insure defined behavior.

Figure 5.21 contains an abstrad base dass Cbserver and lese dass
(which could be abstrad, but is not) for Subj ect .
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The Gbser ver abstrad class pecifies a protocol: when something interest-
ing happens, the Cbserver is told about it by having its updat e method
called. A subclasscan override updat e to handle the interesting occurrence. For
instance, in ou windowing example, the observer windows will have their
updat e method called when the window that was covering it is nolonger in the
way. The updat e method could redraw an appropriate portion of the screen.

1 class Subject;

2

3 class Observer

4 {

5 publi c:

6 virtual ~Cbserver( ) { }
7 virtual void update( Subject *observee ) = 0;
8 1

9

10 cl ass Subj ect

1 {

12 public:

13 virtual ~Subject( ) { }

14

15 // Add obs to the set of observers; see online code.
16 virtual void addObserver( Cbserver *obs );

17

18 /1 Renpbve obs fromthe set of observers.

19 virtual void renmoveCbserver( Observer *obs );

20

21 /1 Call the update nethod for all observers.
22 virtual void notifyAl( )

23 {

24 for( int i = 0; i < observers.size( ); i++)
25 observers[ i ]->update( this );

26 }

27

28 private:

29 vect or <Cbserver *> observers;

30 };

Figure 5.21  Abstract classes for Cbser ver , and base class for observee
(Subj ect).

The Subj ect classis not abstrad (but see Exercise 5.7). Insteal it defines
methods to add an olserver, remove an observer, and rotify all observers that
something has happened. It does this by keeping an internal list of all registered
observers (posdgbly in avect or). The implementation of addCoser ver and
removeObser ver can befourdintheonline cde.

Anillustration d the Observer patterninadionis shownin Figure5.22. Here
we have a subjed, which isa Ti ner objed, and we have Echo objeds which

<

Observer

The Qbser ver ab-
stract class speci-
fies a protocol:
when something in-
teresting happens,
the Cbserver is
told about it by
having its updat e
method called.

The Subj ect class
defines methods to
add an observer,
remove an ob-
server, and notify
all observers that
something has hap-
pened
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are the interested observers. The Ti mer objed has ati ck method; whenever
the ti ck method is caled, any Echo objeds that are observing the Ti mer
object are natified, and their updat e method is called. In ou example, the
updat e method simply prints a message, so we can see that the natification

occurred.
1 // Tinmer class: tick method calls notify
2

3 class Tiner : public Subject
4 {

5 publi c:

6 void tick( )

7 { notifyAll( ); }
8}

9

10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

/1l Echo class: this in an observer

/1 It is constructed with a Tinmer object; when
/1 the Tinmer object ticks, update is

/] automatically called

class Echo : public Cbserver

{
publi c:
Echo( int id, Timer *t ) : nyld( id ), observee( t )
{ observee->addObserver( this ); }
~Echo( )
{ observee->renpveCbserver( this ); }
voi d update( Subject *s )
{ if( observee ==s ) cout << nyld << endl; }
private:
int myld;
Subj ect *observee
H

Figure 5.22 Concrete classes: ECho observes a Ti mer object, and reacts

when the Ti mer ‘st i ck method is called
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1 // A test program
2 void testEchol2( Tinmer & t)
3 {
4 Echo el( 1, &t );
5 Echo e2( 2, &t );
6
7 cout << "Expecting 1 and 2 to respond." << endl;
8 t.tick( );
9 cout << "1 and 2 disappear." << endl;
10 }
11
12 int main( )
13 {
14 Timer t;
15
16 testEchol2( t ); /1 1 and 2 should respond
17
18 Echo e3( 3, &t );
19 Echo e4( 4, &t );
20
21 Ti mer ot her;
22 Echo e5( 5, &other ); // registered with other, not t
23
24 cout << "Only 3 and 4 are currently observable." << endl;
25 cout << "Expecting 3 and 4 to respond." << endl;
26 t.tick( );
27
28 return O;
29 }
Figure 5.23  Program to test the Ti mer and Echo classes

The Ti mer classis often used to implement callback functions. A callback
functionisafunctionthat isregistered to be cdled at alater time.

Here, the updat e method inthe various Echo objedsare cdled bad, when
ti ck occurs. In atypical application, we have a set of actions that are to occur
regularly, perhaps every hour. Each adion registers itself with the Ti ner, and
when the dock strikes anew hour, al registered adions are exeauted.

Thus, aTi mer objed simply cdlsitsinherited noti f yAl | whenever tick
is exeauted. The Echo classis smewhat more complicaed. Echo objeds are
constructed by providing a Ti ner objed. In other words, an observer is con-
structed by passng in the subjed that it is observing. The observer is then added
to the subjed’s list of interested parties (line 20). When the observer is no longer
active, it isremoved from the subjed’slist. This stuation is handled in the Echo
destructor. As mentioned ealier, we then provide the required implementation for
the Gbser ver protocol, which in our case means that we implement updat e.
Our updat e simply prints amessage.

Observer

A callback function
is a function that is
registered fo be
called at a later
time.

A Ti mer object
simply calls its inher-
itednoti fyAl |
whenever fick is ex-
ecuted. Echo ob-
jects are con-
structed by
providing a Ti mer
object.
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A program that tests al of thisis $own in Figure 5.23. First we dedare a
Ti mer objed t . Occasiondlly, we will cdl t.tick(), andwhen this occurs,
any Echo objed that is adively registered witht will have its updat e method
caled.

Thus, when t est Echo12 is cdled, since el and e2 are both constructed
witht astheir subject, whent st i ck methodis cdled, we will see output for
objects el and e2. Notice dso that whent est Echo12 returns, el ande2 no
longer exist, and their destructors make sure that they are no longer registered as
observersfor t . €3, e4, and e5 are then constructed as new observers. Notice
however, that e5 islistening for ot her . ti ck() . Thuswhent st i ck method
iscdled at line 26, only e3 and e4 will respord.

Summary

The chapter illustrates ®everal common design patterns that we will use through
out the text. Althoughwe cncentrate mostly on oljed-based design patterns, as
we seefrom some of the patterns toward the end of the chapter, inheritance plays
a central role in many patterns. Unfortunately, because of memory management
issues, inheritance alds some complication to our implementations, and as a
result we have chosen to use it sparingly. However, some of these patterns can
giveyou afed for the power of inheritance and the techniques that it introduces.

This chapter concludes the first part of the text, which provided an overview
of C++ and oljed-oriented programming. We will now go on to look at algo-
rithms and the buil ding blocks of problem-solving programming.

Objects of the Game

Adapter A classthat istypicdly used when the interface of another classis
not exactly what is needed. The adapter provides a wrapping effect, while
changing the interface (230)

aut o_ptr A classinthe STL that isintended to help automaticdly del et e
dynamicdly alocated dbjects. (232)

callback function A function that isregistered to be clled at alater point. In
the Observer pattern, updat e is such asfunction. (251)

Composite The pattern in which we store two or more objectsin ore entity.
(247)

design pattern Describes a problem that occurs over and over in software
engineeing, and then describes the solution in a sufficiently generic man-
ner asto be gplicable in awide variety of contexts. (223)

dual-direction implicit conversion The circumstancein which implicit con-
versions between two types are defined in both diredions. Often thisleads
to ambiguities, and thus $ould be avoided. (231)

<
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Common Errors

factory method A method that creaes new concrete instances, but returns
them using a pointer (or reference) to an abstrad class (245)
function object An objed passed to a generic function with the intention of
havingits sngle method wsed by the generic function. (227)
Functor A function objed. (227)
incomplete class declaration Used to inform the compil er of the existence of
a dass Incomplete dassdedarations are necessary when two or more
classsrefer to ead circularly. (242)
Iterator An objed that is used to control iteration over a container. (237)
member template A member function that isitself atemplate. Member tem-
plates can occur inside of classtemplates, in which case, they have differ-
ent template parameters. (235
Observer The pattern that involves asubjed and a set of observers. The
observers are informed whenever something interesting happens to the
subject. (248
Pair The mmposite pattern with two objects. (247)
programming to an interface The technique of using classes by writingin
terms of the most abstract interface. Attemptsto hide esen the name of the
concrete dassthat is being operated on. (245)
smart pointer A generic name for a pointer wrapper class (231)
Wrapper A classthat is used to store aprimitive type, and add operations
% that the primitive type dther does not support or does not
suppat corredly. (230)

Common Errors

1. Whenwritingoper at or () , remember that you still must have a
parameter list.

2. When yousend afunction objed as a parameter, you must send a
constructed adbject, and not simply the name of the dass

3. Usingdual-direction implicit type conversionsis dangerous
because they can lead to ambiguities.

4. Usingaut o_pt r inasettingmore complex than it was designed
foris aretolead to troule, becaise the pointeewill be destroyed
if ownership istransferred to an owner that exits <ope ealier than
you think.

5. The adapter pattern often implies private, rather than public inher-
itance. If you are changing, rather than simply augmenting the
classinterface then you donaot want public inheritance.

6. Many design patterns that have woperating classes will require

incomplete classdedarations because the dass dedarations refer
to each ather circularly.
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7. In C++, inheritance based design patterns tend to require that the
programmer deal with redaiming dynamically allocated objeds,
often leading to memory leaks, stale pointers, and aher assorted
bugs.

8. Usingtoofew classes can be asign of poa design. Often addinga
classcan clean upthe design.

On the Internet

Rectangle.cpp The Rect angl e classin Figures 5.2, and 54 to
5.6.

Wrapper.h Contains both the Cr ef and Poi nt er classes.

Ambiguity.cpp Illustrates the problem with dual-diredion implicit

type conversions, shown in Figure 5.8. To see the problem, you must
removetheexpl i cit directiveinthePoi nt er constructor in Wrap-
per.h, and you must be using a compil er that understands expl i ci t
(some simply ignoreit).

AutoPointer.cpp Contains an implementation of Aut oPoi nt er
shown in Figure 5.9, with atest program.

StorageCell.h The St or ageCel | adapter, shownin Figure 5.11.

TestStorageCell.cpp Teststhe St or ageCel | adapter, as siown in Fig-
ure5.12.

Iterator 1.cpp The completeiterator class with atest program, as
shown in Section 5.4.1.

Iterator2.cpp The completeiterator class with atest program, as
shown in Section 5.4.2.

Iterator 3.cpp The completeiterator class with atest program, as
shown in Section 5.4.3.

pair.h Thepai r class shownin Figure 5.20.

Observer.cpp The complete set of classes, with atest program, for

the Observer pattern discussed in Section 5.6.

@ Exercises

In Short

5.1. What isadesign pattern?

5.2. Describe how function objeds are implemented in C++.

5.3. Explain the Adapter and Wrapper patterns. How do they differ?

5.4. What are two common ways to implement adapters? What are the trade-
offs between these implementation methods?

5.5. Describein general the following patterns:
a Iterator

<



P

Patterns.mkr Page 255 Wednesday, August 25, 1999 217 AM

5.6.

5.7.

5.8.

5.9.

5.10.

b. Observer
Give a1 example of the Observer pattern that is not discussed in the text.
Use ared-life example, rather than a programming example.

In Theory

A classis abstract if it has at least one abstrad method The Subj ect
classin Figure 5.21istherefore not abstract. A little-known feature of C++
alows abstrad methods to have an implementation; this feaure is prima-
rily used on the destructor. Verify that this feature exists by making the
Subj ect destructor a pure virtual function, while leaving its implemen-
tationin tad.

In Practice

Templates can be used to write generic function ohjeds.

a. Write aclasstemplate function objed named | ess. In the dass tem-
plate, overload oper at or () to cdl the oper at or < for its two
Conpar abl e parameters.

a. Rewrite the fi ndMax function template in Figure 5.1 to cdl the
fi ndMax function template shown in Figure 5.4. Your rewrite may
contain only one linein the function bady: a cdl to the two-parameter
f i ndMax, that sends a compatible function oljed from part (a).

b. Instead of writing a separate one-parameter f i ndMax, can we simply
rewrite the two-parameter f i ndMax function template shown in Fig-
ure 5.4 to acept a default parameter that is a wmpatible function
object from part (a)? Verify your answer by compiling code.

This exercise asks you to write ageneric count Mat ches function. Your

function will take two parameters. The first parameter isan array of i nt .

The second mrameter is afunction oljed that returns a Boolean.

a. count Mat ches returns the number of array items for which the
function objed returns true. Implement count Mat ches.

a. Test count Mat ches by writing a function object, Equal sZer o,
that overloads oper at or () to accept one parameter and returns true
if the parameter is equal to zero. Use an Equal sZer o function object
to test count Mat ches.

a. Rewritecount Mat ches (and Equal sZer 0) using templates.

Although the function objects we have looked at store no data, thisisnat a

requirement.

a. Write afunction objed Equal sK. Equal sK contains one data mem-
ber (k). Equal sK is constructed with a single parameter (default is
zero) that is used to initialize k. Its one parameter oper at or ()
returns true if the parameter is equal to k.

a. Use Equal sK to test count Mat ches in Exercise 5.9 (if you dd
part (c), then make Equal sK atemplate).

<
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5.12.

5.13.

5.14.

5.15.

5.16.
5.17.

5.18.

Add oper at or * and oper at or - > to the Poi nt er classtemplate in

Figure 5.7.

Is it safe to apply i nsertionSort (Figure 3.4) to a vector of

aut o_ptr objeds?

The St or aged ass adapter is implemented by private inheritance

Redo the implementation in Figure 5.11 using composition. Test your pro-

gram by cdling a significant number of St or ageCl ass methods. Is

there asignificant differencein speed?

Add both the pr evi ous andhasPr evi ous methods to:

a. |Iterator design #1 (Sedion 54.1)

b. Iterator design #3 (Sedion 5.4.3)

In Java, iterator design #1 (Sedion 54.1) isan Enumner at i on. Asaume

that only design #2 has been written and that we want to write an iterator

that followsthe Enurrer at i on interface.

a. What pattern describes the problem we ae trying to solve?

b. Write the dass using the name Enuner at i on, interms of the itera-
tor defined in design #2. Add a get Enuner ati on method to
MyVect or to dothis.

Redo iterator design #3(Sedion 5.4.3) using nested classes.

This exercise illustrates the idea of programming to an interface Recdl

from Sedion 44.1 (and ather chapters) that we often implement oper a-

t or << bycdlinga dass pri nt method.

c. Write an abstraad class Pri nt abl e, with one named method:
print.

d. ShoddPri nt abl e define any other member functions? Why? (Hint:
recal Section 4.2.7.)

e. Implement an overloaded oper at or << that takes a Pri nt abl e
object as a seand parameter.

f. Suppose Shape isaclass Describe what properties Shape must have
in order to have the overloaded methodin part (b) cdled for al Shape
objects.

g. An aternative scheme is to simply make oper at or << a function
template. Compare and contrast the two approaches. |Is there any dif-
ference?

Programming Projects

Suppose in additionto a Cr ef class we want a Ref class (that gives a
simple reference). Keep in mind that Ref <Obj > and Cr ef <Obj >
should be type-compatible in ore direction. Recdl that any function that is
expeding a constant reference can receive either a constant reference or a
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reference, but not vice-versa. This suggests that there should be an inheri-

tance relationship between Ref and Cr ef .

a. Which classis the base dassand which is the derived class?
a. One of the two classes will need to overload get with bah an acces-

sor and mutator version. Which one?
a. Implement the Ref and Cr ef classs.

a. Since Cr ef <Base> and Cr ef <Deri ved> are dso type-compati-
ble, if your compiler supports member templates, modify your classes
to work when the template types are related by inheritance. Seethe dis-

cusson at the end of Sedion 5.3.2 (on page 235)

5.19. A reference-counted pointer class keeps tradk of how many pdnters are
pointing at the pointeg and daes not del et e the pointeeurtil there ae
no longer any painters. To implement the dassyou will need a secnd

class Ref Count .

a. Write aclasstemplate cdled Ref Count . Ref Count stores a pointer
to the pointee and a count of how many pointers are looking at the
pointee. It should provide amethod to add to the count, and to deae-
ment the count. If the wunt goes to zero, it can del et e the pointeg
and then set the pointer to NULL (just to be safe). Carefully provide a
constructor and if you fed it appropriate, an implementation o the big
three The semantics of these methods may depend on how you imple-

ment the rest of this design.

a. Write a ¢asstemplate cdled Ref Poi nt er. Ref Poi nt er stores a
pointer to a Ref Count objed. If constructed with a plain padnter,
then a new Ref Count objed is created, with court 1. If constructed
with a copy constructor, then it shares the Ref Count object, but adds
one to the aunt in the Ref Count object. If destructed, it drops the
court in the Ref Count objed. You will need to work out the details
for what happensin oper at or =. In addition to get , Ref Poi nt er
should provide overloaded operators such as oper at or *, oper a-

t or - >, and perhaps a one-way conversion.
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