Motivation for Templates Templates 1

Y ou want both:
— alistof Locat i on objects
— alistof MazeMonst er objects

How can you accomplish this by writing one Li nkedLi st class?
— state al the ways you can think of doing this

— state the pros/cons of each method
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One Way to Look at Templates... Templates 2

Until now, we have used variables:
— Thetype of avariableisfixed when you write code.
— Thevalue of avariableisn’t fixed when you write code.

With templates, type isn’t fixed when you write codel

With templates, you use a type more or less as a variable!
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Example: Queue of some type Foo Templates 3

/ C++ keywords \ / Name of template

tenpl ate <cl ass Foo> cl ass QueueT {

Parameter, /

can be any type

The header of atemplated class
declaration specifies one or

private: | more type names which are then
_FOO Buf f er [ 1_00] : used within the template
I nt Head, Tail, Count; declaration.

ubl i o These type names are typically

P ' _ NOT standard or user-defined
QJ_eueT( ); _ types, but merely placeholder
voi d Enqueue(const Foo& Item; namesthat serve asformal
Foo Dequeue(); parameters.
~QueueT() ;

i
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C++ Templates Templates 4

Definition of “template’:
Parameterized class with formal parameters that denote unknown types.

Usage:
In situations where the same algorithms and/or data structures need to be applied to
different data types.

Declaration syntax:

tenpl ate <cl ass Foo> cl ass Queue {
/] tenpl ate nmenber declarations go here

i
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What can a type parameter be used for? Templates 5

To specify the type specifying of datawhich will belocal to objects of the class:

private:
Foo Buffer[100];

To specify the type of a parameter to a class member function:

voi d Enqueue(const Foo& item;

To specify the return type of a class member function:

Foo Dequeue();
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Instantiating a Template Templates 6

Given the template declaration:
tenpl ate <cl ass Foo> class QueueT {...};

Instantiate QueueT of objects in two ways.

QueueT<Locati on> Locati onQueue; Each of these defines

an object which is derived
t ypedef QueueT<i nt> | nteger Queue; from the template QueueT.
| nt eger Queue I nt Queue;

Note how an actual type (Locat i on or I nt ) issubstituted for the formal template
parameter (Foo) in the object declaration.
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Usage of Templates

Templates 7

Once created, the template object is used like any other object:

| nt Queue. Enqueue( 100); // add 100 to the queue
| nt Queue. Enqueue( 200); [/ add 200

The parameter type for the member function Enqueue() was specified as Foo inthe
template declaration and mapped to i nt in the declaration of the object i nt Queue.

When calling Enqueue() wesupply ani nt value.

i nt X = intQueue. Dequeue();
| nt Queue. Enqueue( 300);

Int Sz = I nt Queue. Si ze();

/'l renove 100
/'l queue now

/1] has (200, 300)

/[l size Is 2
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Compiler view of templates... Templates 8

The compiler macro expands the template code:

— Youwrite QueueT<i nt > | nt Queue.

— Compiler emits new copy of aclass hamed, say, “QueueTint” and substitutes
"I nt" for "Foo" throughout.

— Therefore, the compiler must have access to the parameterized implementation of
the template member functions in order to carry out the substitution.

— Therefore, the template implementation CANNOT be pre-compiled.
— Most commonly, all template code goes in the header file with the template

declaration.
The compiler “maps’ the declaration: The compiler “mangles’ the template
_ name with the actual parameter (type
private. name) to produce a unique name for
Foo Buffer[100]; the class.
. private:
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Implementing Template Class Methods Templates 9

t enpl at e and Class name and Scope resol ution
formal formal operator and
parameter(s) parameter(s) function name

\/

tenpl ate <cl ass Foo> QueueT<Foo>:: QueueT() {

[l ... menber function body goes here

Return type goes here:

/

tenpl ate <cl ass Foo> void QueueT<Foo>:: Enqueue(Foo itenm {

[l ... menber function body goes here
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A Complete Template Queue Class

Templates 10

[ QueueT. h

#i f ndef QUEUET H
#defi ne QUEUET H
#1 ncl ude <cassert >

Using the template
parameter: datatype,
parameter type, return

type.

const int Size = 100;
tenpl ate <cl ass Foo> cl ass QueueT {
private:
Foo _Buffer[Size],;
I nt Hea i1, Count;
public:
QueueT();
voi d Enqueue(const Foo&dtem;
Foo Dequeue() w— &‘5555““--~§
Int getSize() const;
bool 1sEmpty() const;
bool isFull () const;
~QueueT() ;
¥
I . . tenpl ate i npl enentati on goes here
#endi f
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A Complete Template Class Templates 11

[l . . . continuing header file QueueT.h

tenpl ate <cl ass Foo> QueueT<Foo>:: QueueT() : Head(O0),
Tail (0), Count(0) {
}

tenpl ate <cl ass Foo> voi d QueueT<Foo>:: Enqueue(Foo Item {

assert (Count < Size); [l die if Queue is full!
Buffer[Tail] = [tem
Tail = (Tail + 1) % Size; // circular array indexing

Count ++;
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A Complete Template Class

Templates 12

assert (Count > 0); )
I nt ol dHead = Head; Il
Head = (Head + 1) % Si ze; //
Count - -;

return Buffer[ol dHead]; )
}

return (Count);

[l . . . continuing header file QueueT.h

tenpl ate <cl ass Foo> Foo QueueT<Foo>::Dequeue() {

die if Queue is enpty

remenber where old Head was
reset Head

return old Head

tenpl ate <cl ass Foo> int QueueT<Foo>::getSize() const {
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A Complete Template Class

Templates 13

[l . . . continuing header file QueueT.h
tenpl ate <cl ass Foo> bool QueueT<Foo>::isEnpty()

return (Count == 0);
}

return (Count >= Size);

}

tenpl ate <cl ass Foo> QueueT<Foo>:: ~QueueT() {

}

[l . . . end tenplate QueueT<Foo> i npl enentati on

const {

tenpl ate <cl ass Foo> bool QueueT<Foo>::isFull () const {
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A Driver for the QueueT Template

Templates 14

#i ncl ude <i ostreanp
#i ncl ude <i omani p>

usi ng nanespace std;
#1 ncl ude " QueueT. h"

void mai n() {

const int nunVals = 10:;
QueueT<int> I ntQ

for (int i =0; i < nunVals; i++) {
i nt Q Enqueue(i *i);
}

int Limt = 1intQ getSize();
for (i =0; i <Limt; i++) {
I nt nextVal = intQ Dequeue();

O© oo ~NOoO Ol b~ WDNEFL O
=
(o))

cout << setw3) << | << setw5) << next Val

<< endl :
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Recap Templates 15

Note that method bodies use the same algorithms for a queue of | nt sor a queue of
doubl esor aqueueof Locat i ons...

But the compiler still type checks!

It does a macro expansion, so if you declare

QueueT<i nt > | Queue;
QueueT<char > cQueue;
QueueT<Locati on> Verti ces;

the compiler has instantiated three different classes after expansion to use with normal type
checking rules.
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Implicit Assumptions in QueueT Templates 16

Declaration of the array of Foos assumes Foo has a default constructor:
tenpl ate <cl ass Foo> cl ass QueueT {

private:
Foo Buffer[Size];

};

Assignment of Foos assumes Foo has appropriately overloaded the assignment operator:
tenpl ate <cl ass Foo> voi d QueueT<Foo>:: Enqueue(Foo item {

Buffer[tail] = i1tem
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Implicit Assumptions in QueueT Templates 17

The way that Foos arereturned by Dequeue() method assumes Foo has provided an
appropriate copy constructor:

tenpl ate <cl ass Foo> Foo QueueT<Foo>::Dequeue() {

return Buffer[ol dHead];
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Variable and Constant Template Parameters Templates 18

Template parameters may be:

type names (we saw this previously)

variables e.g., to specify asize for a data structure

constants useful to define templates for special cases
(not terribly useful)
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Queue Template with a Variable Parameter Templates 19

One weakness of the QueueT template is that the queue array is of afixed size. We can
easily make that user-selectable:

tenpl ate <class Foo, int Size> class QueueT {
private:
Foo buffer[Size];
I nt  Head, _
Tai | ; Second template parameter is
int Count: justani nt variable, which falls
publ i c: within the class scope just as a
QueueT(); private data member would.

bool Enqueue(Foo Item;
bool Dequeue(Foo& Item;
Int getSize() const;
bool isEnpty() const;
bool isFull () const;

~QueueT();
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Driver for Revised Queue Template Templates 20

#i ncl ude <i ostreanr
#i ncl ude <i onani p>

usi ng nanespace std;
#i ncl ude "QueueT. h"

void main() { | The value specified in the
const int smallSize = 10; declaration must still be a
const int |argeSize = 100;
constant though...
QueueT<int, snmall Size> snmall Q
QueueT<int, largeSize> | argeQ
for (int i =0; i < smallSize-1; i++) | halcouldbeavoided by
smal | Q Enqueue(i): redesigning the template to take
the array size as a parameter to a
for (i =0; 1 < largeSize-1; i++) { constructor...

| ar geQ Enqueue(i);

for (i =0; i < largeSize-1; i++) {
I nt nextVal ;
| ar geQ Dequeue( next Val ) ;
cout << setw(3) << i << setw(5) << nextVal << endl;

}
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Template Type-checking Templates 21

Suppose we have the declarations:

QueueT<i nt, 100> smal | | nt eger Queue;
QueueT<i nt, 1000> | ar gel nt eger Queue;
QueueT<i nt, 1000> | ar gel nt eger Queue?;

QueueT<fl| oat, 100> smal | Real Queue;
QueueT<f| oat, 1000> | ar geReal Queue;

Which (if any) of the following are legal assignments:

smal | | nt eger Queue = | ar gel nt eger Queue;

smal | | nt eger Queue smal | Real Queue;

| ar gel nt eger Queue = | argel nt eger Queue?2,;
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Linked List Template Templates 22

/1 LinkListT.h
#i f ndef LINKLISTT H
#define LI NKLISTT H

#i ncl ude <cassert >
#i ncl ude "Li nkNodeT. h"

tenplate <class Itent class LinkListT {

private:
Li nkNodeT<ltent* Head; // points to head node in |ist
Li nkNodeT<ltenp* Tail; // points to tail node in |ist

Li nkNodeT<lten»* Curr; [/ points to "current" node in |ist

L These are pointers to template objects so any

template parameters must be specified

public: explicitly.
Li nkLi st T();
Li nkLi st T(const Li nkLi st T<ltenr& Source);
~Li nkLi st T() ;
/] C_/ Function parameter is a template object, so...
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Linked List Template

Templates 23

};

I,

bool isEnmpty() const;

bool at End() const;

bool PrefixNode(ltem newDat a);

bool AppendNode(ltem newDat a) ;

bool InsertAfterCurr(ltem newbData);
bool Advance();

voi d got oHead() ;

voi d gotoTail ();

bool MakeEnpty();

bool Del et eCurrent Node();

bool Del eteVal ue(ltem Target);

| tem get Current Data() const;

void PrintList(ostream& Qut);

Li nkLi st T<lt em>& oper at or =(const Li nkLi st T<l t enr&

Sour ce) ;
N

Operator return type is atemplate object, so...

#i nclude "LinkListT.cpp"

#endi f
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Linked List Node Template Templates 24

/1 Li nkNodeT. h
#i f ndef LI NKNODET H
#def i ne LI NKNODET H

tenpl ate <class Itent class LinkNodeT {
private:

| t em Dat a;

Li nkNodeT<I t en* Next ;

publ i c:
Li nkNodeT() ;
Li nkNodeT(|tem newDat a) ;
void setData(ltem newDat a) ;
voi d set Next (Li nkNodeT<I t enp* newNext) ;
| tem get Data() const;
Li nkNodeT<I t ent* get Next () const;

: Y\_/ Function return type is a pointer to atemplate

#i ncl ude "Li nkNodeT. cpp" object, s0...

#endi f
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A Node Template Constructor Templates 25

/1
/1
/1
/1
/1
/1
/1
/]
/]
/1

Par anet er s:
newDat a Data el enent to be stored in node

Pre:
Post :

Dat a
Next

FHEEEErrrr i rrrrrrrrri
Constructor for LinkNode objects with assigned
Data field.

tenpl ate <cl ass Itenp
Li nkNodeT<I t en®: : Li nkNodeT(Item newbDat a) {

none

new Li nkNode has been created wth
given Data field and NULL
poi nt er

newbDat a;
NULL;
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Node Template Mutators

Templates 26

[HHLLEEEr i rrrirrrrrlly
/'l Sets new value for Data el enent of object.

/]

/] Par aneters:

[/ newDat a Data el ement to be stored i n node
/] Pre: none

/| Post: Data field of object has been
/] nodi fied to hold newDat a
/Il

tenpl ate <class Itenp
voi d Li nkNodeT<ltenp: :setData(ltem newbData) {

Data = newbDat a;
}

FHOLEEEEE i ririrrrr
/| Suppressed to save space.

/Il

tenpl ate <cl ass Itenp

Next = newlNext ;
}

voi d Li nkNodeT<I t en®: : set Next (Li nkNodeT<I t ent* newNext) {
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Node Template Reporters

Templates 27

FHEEEErrrr i rrrrrrrrri
/'l Returns value of Data el enent of object.

/1

/| Paraneters: none

/1l Pre: obj ect has been initialized
/| Post: Data field of object has been
Il ret ur ned

/Il

tenpl ate <class Itenp
| tem Li nkNodeT<Iltene::getData() const {

return Dat a;

}

FHOLEEEEE i ririrrrr
/| Suppressed to save space.

/Il

tenpl ate <cl ass Itenp

Li nkNodeT<I t ent* Li nkNodeT<Itenp:: get Next() const {

return Next;
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Linked List Template Destructor

Templates 28

/1
/1
/1
/1
/1
/1
/]
/1

FEEEEEEE bbbty

Destructor for LinkListT objects.

Par anet ers: none

Pre: Li nkLi st T object has been constructed

Post : Li nkLi st T obj ect has been destructed,;
all dynam cal |l y-al |l ocat ed nodes
have been deal | ocat ed.

tenpl ate <class Itenr LinkListT<ltenp::~LinkListT() {

Li nkNodeT<lten»* toKill = Head;
while ( toKill !'= NULL) {
Head = Head- >get Next () ;
delete toKill;
toKill = Head;
}
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Linked List Template Prefix Function Templates 29

[HHLLEEE i rrr i rrrr i rrrrrrrrrrirgg
/!l Inserts a new Li nkNodeT at the front of the |ist.
/]

tenpl ate <class Itenr bool LinkListT<lten®::PrefixNode(ltem
newDat a) {

Li nkNodeT<I t ent* newNode =
new Li nkNodeT<It enr( newbDat a) ;

I f (newNode == NULL) return false;

if ( isEmpty() ) {
newNode- >set Next ( NULL) ;
Head = Tail = Curr = newNode;
return true;

}

newNode- >set Next ( Head) ;

Head = newNode;

return true;
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Linked List Template Assignment Overload Templates 30

[P bbb rrirrirrirr
/| Deep copy assignnment operator for LinkListT objects.

Il

tenpl ate <cl ass Itenp

Li nkLi st T<lIt enr& Li nkLi st T<ltenp: :

oper at or =(const LinkLi st T<Itent& Source) {

If (this !'= &Source) {
MakeEmpt y() ; /'l delete target's list, if any
Li nkNodeT<ltent* nyCurr = Source.Head; // copy I|i st

while (nmyCurr !'= NULL) {
|tem xferData = nyCurr->get Dat a() ;
AppendNode( xf er Dat a) ;
myCurr = myCurr->get Next ();
}
}

return *this;

Computer Science Dept Va Tech January 2002 OO0 Software Design and Construction ©2002 McQuain WD & Keller BJ



Linked List Template Copy Constructor Templates 31

FHOLEEEEE b ririrrrrirrl
/| Deep copy constructor for LinkListT objects.
/Il

tenpl ate <cl ass Itenp
Li nkLi st T<l t en®: : Li nkLi st T(const Li nkLi st T<ltenr& Source) {

Head = Tail = Curr = NULL;
Li nkNodeT<ltent* nyCurr = Source. Head; /'l copy |ist
while (nmyCurr !'= NULL) {

|tem xferData = nyCurr->get Dat a() ;

AppendNode( xf er Dat a) ;
myCurr = nyCurr->get Next();
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Template Functions Templates 32

The template mechanism may also be used with non-member functions:

tenpl ate <cl ass Foo> Swap(Foo& First, Foo& Second) {

Foo tnpFoo = First;
Fir st = Second;
Second = t npFoo;

Given the template function above, we may swap the value of two variables of ANY
type, provided that a correct assignment operation and copy constructor are available.

However, the two actual parameters MUST be of EXACTLY the same type:

doubl e X = 3. 14159;
I nt a = b5;
Swap(a, X); /'l error at conpile tine
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Template Sort Function Templates 33

tenpl ate <cl ass Foo> void InsertionSort(Foo* const A int Size) {

I nt Begin, Look;
Foo Item

for (Begin = 1; Begin < Size; Begin++) {
Look = Begin - 1;
|tem = A[ Begi n];
while ( Look >= 0 && Al Look] > Item {
Al Look + 1] = Al Look];
Look- -;

}
Al Look + 1] = Item

Thiswill use the insertion sort algorithm to sort an array holding ANY type of data,
provided that there are > and deep = operators for that type (if a deep assignment is

logically necessary).
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