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1 Caveat Reader!

I wrote this notesto preparemyself for lecture.The topic of returningreferences
from functionsis not well documented,even in the C++ languagedefinition so I
have usedmy experienceto guesstherules.

2 Introduction

A C++ referenceis usedwhen:

� avalueneedsto bechanged,

� copying avalueis notpermitted,or

� copying avalueis notdesirable,i.e., is inefficient.

3 Reference Parameters

This programillustratestheseusesfor referenceparameters.

#include <iostream>
#include <string>

void foo(int & length, // string’s length placed here
ostream & out, // illegal to copy
const string & s) { // too expensive to copy

length = s.size();
out << "foo: The string’s length is " << length << ".\n";
return;

}

int main(int argc, char *argv[]) {
cout << "This silly program prints the length of the first com-

mand-line argument.\n";
�
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if (argc == 1) { // too few command-line arguments
cerr << argv[0] << ": string\n";
throw "too few command-line arguments";

}

int l; // initially has garbage value
foo(argv[1], l);
cout << argv[1] << " has " << l << " characters.\n";

return EXIT_SUCCESS;
}

For foo to setthevalueof thefirst parameterit mustbepassedby reference.
istream s andostream s maynot becopiedsothesecondparametermust

bepassedby reference.1

foo ’slastparameteris passedby referencesothestring neednotbecopied.
Not copying thestringsavestime proportionalto thenumberof charactersin the
string. Sincewe arepassingthestringby referencebut we do not want thestring
to becopied,we mark it const . Thus,foo caninspectandusethestring,but it
maynotchangeits contents.For moreinformation,readthetextbook,pp.66–67.

4 Returning References

A functionmayreturna referencefor exactly thesamereasons:

� thereturnedvaluemayneedto bechanged,

� copying thereturnvalueis notpermitted,

� copying thereturnvalueis notdesirable,i.e., is inefficient.

This programillustratestheseusesfor referenceparameters.

#include <iostream>
#include <string>
#include <algorithm> // has copy()
#include <assert.h> // has assert()

class foo {

1Eachistream objecttracksthepositionof thenext characterto read.If a functionwasgiven
acopy of anistream object,it couldreadfrom thestream.Thenthemain functioncouldreadthe
samecharactersagain!Thus,helperfunctionsto readinput would bemostlyuseless.By usingonly
referencesto istream objects,all functionsrefer to thesameobject;if onereadssomecharacters
changingtheposition,all changetheposition.Similar reasoningappliesto ostream s.
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public:
// constructor and destructor
foo (const unsigned int sz) {

size = sz;
if (size == 0) size += 1;
array = new string[size];

}
˜foo(void) { delete [] array; }

// copying functions
foo(const foo & f) {

copier(f);
return;

}
foo& operator=(const foo & f) {

if (this != &f) {
delete [] array;
copier(f);

}
return *this;

}

// element access
string& operator[](unsigned int i) {

assert(i < size);
return array[i];

}
const string& operator[](unsigned int i) const {

assert(i < size);
return array[i];

}

// output
friend ostream& operator<<(ostream& out, const foo & f) {

for (unsigned int i = 0; i < f.size; i += 1)
out << f.array[i] << endl;

return out;
}

private:
unsigned int size;
string * array;

void copier(const foo & f) {
size = f.size;
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array = new string[size];
copy(f.array, f.array + size, array);
return;

}
};

int main(void) {
foo f(4);
foo g(4);
f[0] = f[2] = "hello";
f[1] = (f[3] = "world");
g = f;
cout << "f:\n" << f;
cout << "g:\n" << g;
return EXIT_SUCCESS;

}

The foo classholdsa dynamically-allocated arrayof strings. Thus,we need
a destructor, a copy constructor, andan assignmentoperator. We alsodefinetwo
elementaccessfunctionsandanoutputoperator.

Thestatementf[2] = "hello" illustrateschangingthereturnvalue.Equiv-
alentcodewith an explicit function call is f.operator[](2 ) = "hello" .
Theresultof f.operator[](2 ) is assigneda valueso it mustbea reference,
notavalue.

Theoperator[] functionobeys thetwo rulesfor functionsreturningrefer-
ences.Any functionhaving returntypeT & mustfollow two rules:

� Thereturn statementmustreturnavaluewith typeT.

� Thevaluereturnedmustnotbeavariablelocal to thefunction.

operator[] obeys thefirst rulebecauseit returnsamemberof astring array.
It obeys thesecondrule becauseit returnsa referenceto a positionin theobject’s
array, not thefunction’s only variablei .

Theconst versionof operator[] guaranteesthatthereturnedresultis not
changed.It returnsa referenceto avoid copying the returnvaluesincecopying a
very long stringmaybevery expensive but marksit const so it is not changed.
The secondoccurrenceof const guaranteesthat any call to this function does
not changethe object’s contents. Defining this const versionis necessaryso
that functionswith const foo variablesor parameterscan accesstheir array
elements.

4



Tip: Whenever defininga functionreturninga referenceto avariableinsidean
object,defineaconst versionthatwill alsowork with const objects.

As mentionedabove, ostream s may not be copied. Thus,the outputoper-
ator must returna referenceso its returnvalue is not copied. The expressionit
returnshasostream typeandis definedoutsidethefunctionsoreturningout is
permissible.
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