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Relevant Course Information
+» Midterm grades out later this week

= More feedback after grading is complete
» Exercise 7 due Wednesday (11/1)

» Exercise 8 will go out early

" For those ready to begin
= Note: STL won’t be covered until Wednesday’s lecture

» Homework 2 due 46/36} tomorrow (10/31) by 10pm

= Don’t forget to clone your repo to double-/triple-/quadruple-
check compilation!
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Tagging Your Homework Correctly

+ Purpose of Homework 0 is to understand this process

+ Leniency on Homework 1 if you failed to tag properly

= |f you did not tag your homework 1 correctly then:

1.  Properly tag a commit that was pushed to the server by the
deadline, and push that tag to gitlab server.

2.  Open aregrade request explaining you incorrectly tagged your Hw1
and confirm you corrected the tag on the server.

«+ NoO exceptions going forward on tagging




YA/ UNIVERSITY of WASHINGTON L14: C++ Templates CSE333, Fall 2023

Lecture Outline

+» Templates
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Suppose that...

+ You want to write a function to compare two ints
+ You want to write a function to compare two st rings

" Function overloading!

(// returns 0 if equal, 1 if valuel is bigger, -1 otherwise
int compare (const 1int& valuel, const inté& wvalue2) {

1f (valuel < wvalue?2) return -1;

1f (value?2 < wvaluel) return 1;

return 0O;

}

// returns 0 if equal, 1 if valuel is bigger, -1 otherwise
int compare (const stringé& valuel, const stringé& value2) {
1f (valuel < wvalue?2) return -1;
1f (value?2 < wvaluel) return 1;
return O;
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Hmm...

+» The two implementations of compare are nearly

identicall

= What if we wanted a version of compare for every comparable
type?

= We could write (many) more functions, but that’s obviously
wasteful and redundant = 4os much  repeted code!

+» What we’d prefer to do is write “generic code”

" Code that is type-independent
" Code thatis compile-type polymorphic across types
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C++ Parametric Polymorphism

+ C++ has the notion of templates

= A function or class that accepts a type as a parameter

- You define the function or class once in a type-agnostic way

- When you invoke the function or instantiate the class, you specify
(one or more) types or values as arguments to it

k At compile-time, the compiler will generate the “specialized”
code from your template using the types you provided

- Your template definition is NOT runnable code
- Code is only generated if you use your template
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Function Templates

+» Template to compare two “things”:

r#include <iostream>
#include <string>

-}emplo:}e parmé\"cr list (a\so writlen os: < class ™)

// returns 0 iffequal, 1 if valuel is bigger, -1 otherwise

template <typename // <...> can also be written <class T>
'Cfg;ﬂt compare (const T svaluel, const™ T svalue2) {
Xiné 1t (valuel value?) return -1;
kﬁag\ 1f (value? valuel) return 1;
yﬁﬁ return 0;
} T m'y needs +b ’m\p\emen‘f < ‘}1) work w’rH\ CQMPareC)

int main(int argc, char **argv) {
std::string h("hello"), w("world");
std::cout << compare<int> (10, 20) << std::endl; /&
std::cout << compare<std::string>(h, w) << std::endl; // -|
std::cout << compare<double>(50.5, 50.6) << std::endl;lq.—l

return EXIT SUCCESS; ?:
B exp | 'l'ew\r\é:}ﬁ &@UMQ\‘")

g} ) - \ J
) dﬁeren‘\' TSl nees 6‘ Ww} ]
unctlontemplate.cc
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Compiler Inference

Same thing, but letting the compiler infer the types:

[ 4include <iostream> R
#include <string>
// returns 0 if equal, 1 if valuel is bigger, -1 otherwise
template <typename T>
int compare (const T &valuel, const T &value2) {
1f (valuel < wvalue2) return -1;
1f (value2 < wvaluel) return 1;
return 0O;
}
int main(int argc, char **argv) {
std::string h("hello") w("world") ;
std: :cout << compare (1 20) << std::endl; // ok wferint , "1
std: :cout << compare (h w) << std::endl; // ok m&,sﬂuﬁW@ , 1L
std: :cout << compare("Hello" "World") << std:%endl; // hm..
// nter char®, wald be T
L return EXIT SUCCESS Lho expict fompliie Mjmm_(, ,@mw\ odgmse;)

functiontemplate_infer.cc
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Template Non-types

% You can use non-types (constant values) in a template:

r#include <iostream>
#include <string>

// return pointer to new N-element heap array filled with val

// (not entirely reglisti but shows what’s possible)
template <type;zif£§§ int NB
T* walarray (co &val)/ |
T* a = new T[Né;///—_
for (int i1 = 0; 1 < N; ++1)
ali] = val;
return a;

}

int main(int argc, char **argv) {
int *ip = valarray<int, 10>(17);

string *sp = valarray<string, 17>("hello"); )
/é SC?&(G+€ "'0"\?\6{\! G(buh&\-h bofH'\ Comnm( S |\k€ hWM&‘

J
valtemplate.cc 0
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What’s Going On?

+» The compiler doesn’t generate any code when it sees the
template function definition

= |t doesn’t know what code to generate yet, since it doesn’t know
what types are involved Different behavior for different types

+» When the compiler sees the function being used, then it
understands what types are involved

= |t generates the instantiation of the template and compiles it
(kind of like macro expansion)

- The compiler generates template instantiations for each type used as
a template parameter

11
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This Creates a Problem

[ #ifndef COMPARE H 1 #include <iostream> N
#define COMPARE H (,_a»#include "compare.h"
template <typename T> using namespace std;
int comp (const T& a, const T& b);
int main(int argc, char **argv) {
/#endif // COMPARE H cout << comp<int> (10, 20);
- g cout << endl;
conwpanah return EXIT SUCCESS;
}
[ L J
Q-H' —C Gowmpore-<C — G“FL)’ Compare. o, main.cc
#include "compare.h" (no usage of a,,\f,l >) GH ~C MINCC —3 pain.o
L thoutk
template <typename T> defindon
int comp (const T& a, const T& b) { awv<bﬁ9

if (a < b) return -1;
if (b < a) return 1;
return 0O;

G+ main,o Compare.o —> \inker ervor

Cv\o c@v\e (’M'\') )

\ v

compare.cc

12
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Solution #1 (Google Style Guide prefers)

J

compare.h

(eg \'MP\QMM"'GC}TM\ )\]&]r\\g .’ I\
\

13

[ #ifndef COMPARE H 1 #include <iostream> )
#define COMPARE H /,_, P#include "compare.h"
template <typename T> using namespace std;
int comp(const T& a, const T& b) {

if (a < b) return -1; int main(int argc, char **argv) {

if (b < a) return 1; cout << comp<int> (10, 20);

return O; cout << endl;

return EXIT SUCCESS;
}
#endif // COMPARE H N —
Main.cc
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Solution #2 (you’ll see this sometimes)
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[ #ifndef COMPARE H
tdefine COMPARE H

~\

( \ \
#include <iostream>

Eemplate <typename T>

int comp(const T& a, const T& b);

ﬁénclude "compare.cc”<;\\

)

// COMPARE H

#endif
"

—

v,

/compare.h

rtemplate <typename T>

int comp (const Té& a,
1f (a < b)
1t (b < a)
return O;

const T& b)
return -1;
return 1;

{

~

P#include "compare.h"
using namespace std;

int main(int argc,
cout << comp<int> (10,
cout << endl;
return EXIT SUCCESS;

char **argv) {
20) ;

J

compare.cc

}

\.

J

main.cc

14
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Class Templates

+» Templates are useful for classes as well

= (In fact, that was one of the main motivations for templates!)

+ Imagine we want a class that holds a pair of-thmgs that
we Can.
= Set the value of the first thing
= Set the value of the second thing
= Get the value of the first thing
= Get the value of the second thing

= Swap the values of the things
" Print the pair of things

16
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Pair Class Definition
Pair.h

#ifndef PAIR H
#define PAIR H

template <typename Thing> class Pair {
public:
Pair() { }; //defout constructor

Thing get first() const { return first ; } ‘Binhne Aefinttions

Y Thing get second() const { return second ;
xf§§< void set first(const Thing& copyme) ;

o> , . -
g@ﬂp\ void set second(const Thing& copyme) ; declaration
void Swap/(); -J
private:
Thing first , second ;
\}; Cowd e pvim’rjfwe oc ansther class

#include "Pair.cc" € Pollowing Solutton 22 (br ense of sle .sep&f‘d‘“M)

k#endif // PAIR H

17
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Pair Function Definitions

Pair.cc
(template <typename Dhinquf‘ﬁ ' 'hmddt gwﬁmm\ﬂ,
v01§ Pa1r<zh1ng ::set_first(const Thing& copyme) { 'hmddtCkm
flrst_ =Liopyme; Mumurﬁmdbn
} mgw\ur 0‘(\' 'I'GMP(ATQ C‘C\SI -"\6"'@“\-“‘-6&%“ ‘“Hl« ’”'\inb

template <typename Thing>
void Pair<Thing>::set second(const Thingé& copyme) {

second = copyme;

}

template <typename Thing>

void Palr<Thing>::Swap () {
Thing tmp = first ;
first = second ;
second = tmp;

}
// hOV\MeN\l)o/ 'I'ewxplﬂdt ‘Cuv\c""fon 4o Pr\\’\' ou“' (\)a:r va\ue}
template <typename T>

std: :ostreamé& operator<<(std::ostreamé& out, const Pair<T>& p) {
return out << "Pair (" << p.get first() << ", "
<< p.get second() << ")";

\} J

18
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Using Pair
usepair.cc

r#include <iostream>
#include <string>

#include "Pair.h"

int main(int argc, char** argv) {
Pair<std::string> ps; / invokes  Aefantt censtruchyr

std::string x("foo"), y("bar");

ps.set first(x); / (4", ")

ps.set second(y); // (“—Foo“ “bar")

ps.Swap () ; /  (kar', “R0")

std::cout << ps << std: endl {/ invoke wonhember specater<< Ronctisin

return EXIT SUCCESS;

19



Class Template Notes (look in Primer for more)

+» Thingis replaced with template argument when class is
instantiated

" The class template parameter name is in scope of the template
class definition and can be freely used there

= (Class template member functions are template functions with
template parameters that match those of the class template

- These member functions must be defined as template function
outside of the class template definition (if not written inline)
— The template parameter name does not need to match that used in the
template class definition, but really should
" Only template methods that are actually called in your program
are instantiated (but this is an implementation detail)

YA/ UNIVERSITY of WASHINGTON L14: C++ Templates CSE333, Fall 2023
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Review Questions (Classes and Templates)

Why areonlyget first() andget second () const?

the accessors don't modf‘(y Hie clasy instince — Fhe mutators and Swep do
- Orerdl'br & 35 o nom -mg\n&x ‘Ptmd‘l'ov\
Why do the accessor methods return Thing and not references?

re'\uvn'-f\g x re’ﬁ?mn(c +L) G pm&+€ e ber vfo\cd‘es +Hhe \pf'ulﬂ'&e’ Mod‘rﬁferj
SO we .\Y\dQO-A Vﬂe:h*rvr\ -~ COPY ()‘F TL\'\I‘\j

Why is operator<< nota friend function?
't doemd nheed cccess o (an\‘\'e data members becguse & wse the

Gceessors  prstecd

What happens in the default constructor when Thingis a class?
o\d\'& mem},e,rs .S“’\(\\ ge‘l' Mi'\'?a\liieé\ —/ in "H«u Cose, | n\fo\ce +he AeﬁuH’ essn~strnchor
oF —nmrj G fos G Setend _

In the execution of Swap (), how many times are each of the
following invoked (assuming Thing is a class)?

ctor O cctor L op= L dtor L
:FM e ‘ﬁm'\“.., Second — lV"\-P
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