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About how long did Exercise 6 take you?

mmo oW

[2, 4) hours

[4, 6) hours

[6, 8) hours

8+ Hours

| didn’t submit / | prefer not to say
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Relevant Course Information

» Exercise 7 released today!

" Due Wednesday (2/9) to give time for Homework 2
= Uses a lot of Monday’s lecture

- Homework 2 due tomorrow (2/3)

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

= Don’t be afraid to use late days if you can’t finish & polish your
submission — they exist for a reason

- Midterm: February 9-12
= Take home (Gradescope) and open notes
= Will involve reflecting on previous assignments
" |ndividual, but high-level discussion allowed (“Gilligan’s Island Rule”)
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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 1is bigger, -1 otherwise
int compare (const inté& valuel, const inté& value2) {

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

1f (value?2 () valuel) return 1;

t 0;
} return RK\§§\

// returns 0 1if Jequal, 1 if valuel is bigger, -1 otherwise
int compare (copst string& valuel, const string& value2) {
1f (valuel K)value?) return -1;
1f (value2 < valuel) return 1;
return O;

does Jome'H\fnj differad in cach case
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Hm...

+» The two implementations of compare are nearly
identical!
= 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 = Jo; much e peted code!

+ What we’d prefer to do is write “generic code”
" Code that is type-independent
" Code that is 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”:

4 \ .
#include <iostream>

#include <string> ‘I’emplde r:arméhr list (a\so wrilen oy: <c\au T>)

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

template <typename // <...> can also be written <class T>
,tg;nt compare (const T svaluel, const T &value2) |
Xd@ié 1f (valuel value?) return -1;
Qd%&r if (value? valuel) return 1;
Nﬁ“ return 0;
} T only needs 1o mplement < o (ork with C<>mpareC)

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

return EXIT SUCCESS; {:
- exp Kty +C\M'o\ol"€ 0~®\AW\&\+}
ya

\
S d\'ﬂmﬂh I ASTinees . g
unctiontemplate.cc




YW UNIVERSITY of WASHINGTON

L13: C++ Templates CSE333, Winter 2022

Compiler Inference

Same thing, but letting the compiler infer the types:

[ #include <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 < value?) return -1;
1f (value2 < wvaluel) return 1;
return O;
}
int main(int argc, char **argv) {
std::string h("hello"), w("world");
std::cout << compare (10, 20) << std::endl; // ok wferint , ~1
std::cout << compare (h, w) << std::endl; // ok hﬁrsﬂuﬁW$.)-l
std::cout << compare(" Hello", "World") << std::endl; // hm.
return EXIT SUCCESS Lho exr\l_(‘,_‘_ "'ev“pk\‘c G\fjuhm—" / oefer char¥, waldbe

(base«) oA 069!‘@:565)

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 realistic, but shows what’s possible)
template <typename int(ﬁb
T* wvalarray (const &val) /|

T* a = new T[N];
. . = .
for (int 1 = 0; 1 < N; ++1)
ali] = val;
return a;

}

int main(int argc, char **argv) {
int *ip = wvalarray<int, 10>(17);
string *sp = valarray<string, 17>("hello");

( sepacate Aemplile arbuhen‘h Wil commas like thal
J

L}

valtemplate.cc .
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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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L13: C++ Templates

This Creates a Problem

[ #ifndef COMPARE H
$define COMPARE H

~

template <typename T>
int comp (const T& a, const T& b);

#endif // COMPARE H_

J

compare.h

6++ -C Cc,mpa(e.cc_, == GV\FLV COY"‘P&(F. O./

template <typename T>

int comp (const T& a, const T& b) {
if (a < b) return -1;
if (b < a) return 1;
return 0O;

f#include "compare.h" (no uSage of C°"‘\P<'

( \ \
#include <iostream>
b #include

using namespace std;

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

"compare.h"

char **argv) {
20) ;

J

compare.cc

main.cc

Gt -C MmN — main.o
wthowt

dQ‘(]r\ﬁ'le\ GF
awV<W*>

9++ MQain, 0O COM()&(Q.O —> l\inker evvor

Cv\o Come (’M") )

12
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Solution #1 (Google Style Guide prefers)

#ifndef COMPARE H

( \ \
#include <iostream>

#define COMPARE H

-

const T& b) {
return -1;

template <typename T>
int comp (const Té& a,

1f (a < b)
1f (b < a)
return O;

return 1;

#endif // COMPARE H_

N e
Zi#include "compare.h"

using namespace std;

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

}

\ v

compare.h

(es; \'N\p\e,lvxen‘l'a‘hbw }\]&.r\j .’ l\
N\

\.

char **argv) {

20);

J

main.cc

13
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CSE333, Winter 2022

[ 4ifndef COMPARE H

( \ \
#include <iostream>

#define COMPARE H

—

const T& b);

Eemplate <typename T>
int comp (const Té& a,

ﬁinclude "compare.cc"<;\\

| fendif // COMPARE H_ )

J

compare.h

/

rtemplate <typename T>
int comp (const T& a,
i1f (a < b) return
1t (b < a)
return 0O;

const T& b) {
_1;
return 1;

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

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

char **argv) {
20) ;

S

compare.cc

J

main.cc

14
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@ PO" Evel‘yWheI‘e pollev.com/cse333

Which is the simplest way to compile our

program (a.out)?
+» Assume we are using Solution #2 (. h includes . cc)

+av\p\od‘e_ de—Gn’.)r‘w\ added To woincc

IA' \ via #incduwde by preproceﬁor
. ' (mw\.c:.ﬁ Covnpw‘e."\"" (om‘mre. cc)
B. g++ main.cc compare-ec
C. g++ main.cc cempare.h all 6f these command sets Wil ok,
bt cvossed ot ports ave
Un r\ecessary .

D. g++ -c¢ main.cc

_gt++ —c eempare TC enly mareo
gt++ main.o _compare-o0

’
E. We re IOSt--- mke 'F' \< Gﬁ\': W\O:\V‘ .Cc Compa{e,“\ ocom p&f e.cc

9%+ maincc
15
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Class Templates

+» Templates are useful for classes as well
= (In fact, that was one of the main motivations for templates!)

. Paic
+» Imagine we want a class that holds a pair Oc\)frthlngs 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 definitions

wy, Thing get second() const { return second ; }
*Q§§< void set first(const Thing& copyme);

g@ﬂr\ void set second(const Thing& copyme) ; declarations
void Swap();

private:
Thing first , second ;
\J ; Cowd ke Pyim’&we oc ansther class

#include "Pair.cc" € ‘ﬁ)\lowinﬁ Solution ¥+2 (‘ﬁar eise of sle Sepc\rd‘bn)

| #endif // PAIR H

17
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Pair Function Definitions

Pair.cc
4 . " A
te@platg <typename ﬂhlnng,sﬁ | 'hmddt forction IR
void Pair<Thing>::set first(const Thing& copyme) { Yemdlate closs
first =|copyme; mq:urﬁmdwn

J member of templafe class instowitradion Lidi, Thing

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

}

template <typename Thing>

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

}
// V\on)v\emlpe/ +ew\P\6»‘{“c —cumc‘h‘on 4o prﬂd‘ ou& r\)oJr' volue  f
template <typename T>

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

\} J

18
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Using Pair

usepair.cc

4 s , N\
#include <iostream>

#include <string>
#include "Pair.h"

int main(int argc, char** argv) {
Pair<std::string> ps; # nvokes defantt construchy

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

ps.set first(x); / (4°,")

ps.set_second(y); / (4o, "bar")

ps.Swap () ; 4/ (Chart, “Ho")

std::cout << ps << std::endl; ¢ invwke nonhember specatord< fhnchv

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)

W UNIVERSITY of WASHINGTON L13: C++ Templates CSE333, Winter 2022

20
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Review Questions (Classes and Templates)

Why are onlyget first () andget second() const?

the accessors don't modf‘(\/ Hee clasy instince — Fhe mutators and Swep do
- Orerdi'"or K 35 a nom ~mcmbc,r ‘Fumd‘fop\
Why do the accessor methods return Thing and not references?

re‘\uvninr) a re‘ﬁ’rew(c +L) G pvwi:l‘e member vfo\a+es +Hhe \p"idde' Mod‘r{:fer/
So we ngtecd vreturm &« Copy ot TL\-\,\j

Why is operator<< nota friend function?
i+ doem? need access o {’ﬂ\m“'e data members  becguse @ wses the

accessors  prshend

What happens in the default constructor when Thing is a class?
At members s\ get mitialized — in Hhis se, inveke the default canstracher
of T\nibj for o ad secend

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
— Frp st secand - Frp

21



