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/1 lllustrate the smart pointer approach using Tenpl ates
/] George F. Riley, Ceorgia Tech, Spring 2012

#i ncl ude <i ostreanr
#i ncl ude <vector>

usi ng nanespace std;

/1 The Ptr class contains two nmenbers, one a pointer to a generic
/1 tenplate type "T", and the int pointer for the reference count

tenmpl ate <typenane T>
class Ptr {

public:
Ptr(T+ t0);
/1 W need a copy constructor, assignnment operator, and destructor
Ptr(const Ptr&); /1 Copy constructor
Ptr& operator=(const Ptr& rhs); // Assignnent operator
~Ptr(); /1 Destructor

/1 And we need a de-referencing operator, which should return
/1 the dereferenced "t" pointer;
const T& operatorx*() const; /| De-referencing operator
T& operator*(); /1 Non-const version
/1 And the "arrow' operator. Need both const and non-const
T+ operator->();
const T+ operator->() const;
private:
/1 Menmbers are private
Tx t;
int+ refCount;

I

[l Ptr |nplenentations
tenpl ate <typenane T>
Ptr<T>::Ptr(T+ t0)
t(t0)
{ Il Constructor
refCount = newint; // Create the refcount variable
xref Count = 1; /1 Initially only one reference (this one).

I

/1 Copy Constructor
tenpl at e<t ypenane T>
Ptr<T>::Ptr(const Ptr<T>& rhs)

ref Count (rhs.ref Count), t(rhs.t)
{

/1 1Increnent the refCount

(*ref Count) ++;

}

/'l Assi gnnent operator

tenmpl ate <typenane T>

Ptr<T>& Ptr<T>::operator=(const Ptr<T>& rhs)
{

/1l Protect against self assignment
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}

if (& hs == this) return *this;
/!l First reduce refcount in |hs and free if needed

(*refCount)--;
if (*refCount

== 0)

{ I/ No remsining references

delete t;

del ete ref Count;

}

ref Count = rhs. ref Count;

t =rhs.t;
(*ref Count) ++;
return *this;

/1 Destructor
t enpl at e<t ypenane T>

Ptr<T>::

}

(*ref Count)--;
if (*refCount

// Anot her reference

~Ptr <T>()

== O)

{ I/ No remsining references

delete t;

del et e ref Count;

}

/| Dereferencing operators
tenpl ate <typenane T>
const T& Ptr<T>::operator=*() const

{
}

return *t;

tenpl ate <typenane T>
T& Ptr<T>::operatorx()

{
}

return *t;

/1 Arrow operators
tenpl ate <typenane T>
const T+ Ptr<T>::operator->() const

{
}

return t;

tenpl ate <typenane T>
T+ Ptr<T>::operator->()

{
}

return t;
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/1 Inplenent the create functions

tenpl ate <typenane T>
Ptr<T> Create(void); // Constructor with no argunents
tenpl ate <typenanme T, typenane T1>
Ptr<T> Create(Tl); // Wth one argunent
tenpl ate <typename T, typenane T1, typename T2>
Ptr<T> Create(T1l, T2); // Wth two argunents
tenpl ate <typename T, typenane T1l, typenanme T2, typenane T3>
Ptr<T> Create(T1l, T2, T3); // Wth three argunents
/1 Add additional "Create" with nore argunments as needed

t enpl at e<t ypenane T>
Ptr<T> Create(void)

{
T t0 = new T;

/1 Constructor with no argunents

return Ptr<T>(t0);

}

tenpl at e<typenane T, typenane T1>
Ptr<T> Create(T1l al)

{

T+ t0 = new T(al); // Constructor w th one argunent
return Ptr<T>(t0);

}

tenpl at e<typenanme T, typenane T1, typename T2>
Ptr<T> Create(T1l al, T2 a2)

{

T+ t0 = new T(al, a2); // Constructor with two argunents
return Ptr<T>(t0);

}

tenpl at e<typenane T, typenane T1, typenane T2, typename T3>
Ptr<T> Create(T1l al, T2 a2, T3 a3)

{
T+ t0 = new T(al, a2, a3); // Constructor with three argunents
return Ptr<T>(t0);

}

/!l Now create classes A and B that we will use to illustrate the smart

/1 pointers.

class A

{
public:

/! constructors and destructors

A();

A(int);
A(const A&);
~A();

void Hello() const;

public:
int a;
public:
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static int constructorCount;
static int destructorCount;

}s

class B

{
public:

B();

/! Counts total
/1 Counts total

B(int, int, int); // three args

B(const B&);

~B();

void Hello() const;
public:

int bO;

int bl;

int b2;
public:

static int constructorCount;
static int destructorCount;

b
/1 Inplement A and B
A A()
a(0)
{

construct or Count ++;

}s

A:: A(int a0)
a(a0)
{

construct or Count ++;

}s

A:: A(const A& rhs)
a(rhs. a)

{

construct or Count ++;

}s

A ~A()
{ Il destructor
dest ruct or Count ++;

}s

void A :Hello() const
{

cout << "Hello fromA ais "

}
B:: B()

b0(0), bl(0), b2(0)
{

const ruct or Count ++;

b

/1 Counts total
/! Counts total

<< a << endl;

nunber of constructors
nunber of destructors

nunber of constructors
nunber of destructors
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B:
{
i
B:
{
i

B::

{
}s

:B(int b00, int b01, int b02)
b0(b00), bi(b01l), b2(b02)

construct or Count ++;
:B(const B& rhs)
bO(rhs.b0), bi(rhs.bl), b2(rhs.b2)
construct or Count ++;
~B()

/1 destructor
destruct or Count ++;

void B::Hello() const

{
}

cout << "Hello fromB, b0 is " << b0 << endl;

/1 Hel per functions
voi d Print Counts()

{

}s

cout << "A constructor " << A::constructorCount

<< " A destructor " << A::destructorCount << endl;
cout << "B constructor " << B::constructorCount

<< " B destructor " << B::destructorCount << endl;

/!l Define the A and B static variables

int A :constructorCount = 0;
int A :destructorCount = O;
int B::constructorCount = 0;
int B::destructorCount = O;

voi d Test 1()

{

}

/1 Just create a single A and B (with Create) and do not delete
Ptr<A> pA = Create<A>(10);

Ptr<B> pB = Create<B>(10, 20, 30);

/1 just exit; smart pointer semantics call destructors autonmatically

voi d Test 2()

{

/1 Just create a single A and B (with Create), then use Ptr copy constructor
// to create two nore; no del etes

Ptr<A> pA = Create<A>(10);

Pt r<A> pACopy( pA) ;

Ptr<B> pB = Create<B>(10, 20, 30);

Pt r<B> pBCopy(pB);

/1 just exit; smart pointer semantics call destructors automatically
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277 void Test 3Hel per (Ptr<A> aByVal ue,

278 Pt r <B> bByVal ue)

219 |

280 /1 Also illustrates the dereferenci ng operator

281 cout << "Hello from Test3Hel per a is " << (*aByValue).a
282 << " b0 is " << (*bByValue).b0 << endl;

283 /1 Again, using arrow operator

284 cout << "Hello agin from Test3Hel per a is " << aByVal ue->a
285 << " b0 is " << bByVal ue->h0 << endl;

286

287 }

288

289 void Test3()

290 {

291 /!l Create an A and B, pass by value to a function

292 Pt r<A> pA = Create<A>(10);
293 Ptr<B> pB = Create<B>(10, 20, 30);
294 Test 3Hel per (pA, pB);

295 }

296

297 voi d Test4Hel per (const Ptr<A>& a, // by const reference
298 const Ptr<B>& b)

299 {

300 /1 Illustrate calling A and B nenber functions using
301 /| arrow operator

302 a->Hel l o();
303 b->Hel | o();

304 }

305

306 void Test4()

307 {

308 /1l Create an A and B, pass by const reference to a function

309 Ptr<A> pA = Create<A>(10);
310 Ptr<B> pB = Create<B>(10, 20, 30);
311 Test 4Hel per (pA, pB);

312}

313

314 void Test5()

315 {

316 /1l Create an two A and two B Ptr objects, then use assignment

317 /1 operator.

318 Ptr<A> pA = Create<A>(10);

319 Ptr<B> pB = Create<B>(10, 20, 30);

320 Ptr<A> pAl = Create<A>(100);

321 Ptr<B> pBl = Create<B>(100, 200, 300);
322 /1 Use assignment operator

323 pPA = pAl;

324 pB = pB1;

325 pA->Hel 1 o();

326 pB->Hel 1 o();

327 '}

328

329 void Test6()

330 {

331 /'l Create a vector of 100 Ptr<A> objects
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332 vector<Ptr<A> > v;

333 for (size_t i =0; i < 100; ++i)

334 {

335 v. push_back(Creat e<A>(i));

336 }

337 /1 and just exit, no delete or clean up
338}

339

340 // Main program

341 int main(int argc, charx* argv)

342 {

343 if (argc < 2)

344 {

345 cout << "Usage: ./tenplate-snart-pointers (testNum" << endl;
346 exit(1);

347 }

348 int testNum= atol (argv[1]);
349 switch (testNum
350 {

351 case 1:

352 Test1();

353 Print Counts();
354 br eak;

355 case 2:

356 Test 2();

357 Print Counts();
358 br eak;

359 case 3:

360 Test 3();

361 Print Counts();
362 br eak;

363 case 4:

364 Test4();

365 Print Counts();
366 br eak;

367 case 5:

368 Test5();

369 Print Counts();
370 br eak;

371 case 6:

372 Test6();

373 Print Counts();
374 br eak;

375 }

376}
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