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Chapter 19
Vectors, templates, and exceptions




http:/ /staff.ustc.edu.cn/~zlwang/

. &
-t
.

S AERB LA EE P vector 2. H K. EBTHHFAR
0 % =3 o

o oshat, A AIEE BT
= & ¥ vector g k-
= A#Auvectoreg 2k AR (B4s) | ABRTEHM
" B S (R F)

USTC AUTO



http:/ /staff.ustc.edu.cn/~zlwang/

—— E ontents —

v THRIMEE
" QA R Ao 4T R I ?
v 184t Fof & 5 4k
= A4 48 (new)
" RE 59
o #H A T4z []
« EAERF
= A5 # a4 (delete)
s Al

<

L)

L)

<

L)

L)

s N R Aotk M IR A B 2
v Foa
o # 48 Fo 15 41

<

L)

(R )

L)

L)

J
0.0

% F k]
s AR
s B AR E

USTC AUTO

L 4

4

L)

L)




http:/ /staff.ustc.edu.cn/~zlwang/

% % Vector k.4

S B A4
" RAMEBANED DA LT RO E (TR B AT AT ONK),
#$&, At AIALF, FHOLEBHAHREE 2 KNG
" dof T 4| 22 I Ay F AL

vector v(n); Il v.size()==n
AN B B =MAF N ELE DA
= Resize
» Vv.resize(10); I/l v now has 10 elements

" = ANAE

» Vv.push_back(7); /[ add an element with the value 7 to the end of v
Il v.size() increases by 1

" KA
* V=V2; I/ v is now a copy of v2
I v.size() now equals v2.size()
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% 4o B4R 4% A resize() x push_back() — k., RIET 48 % Ao b2 /£
= A& —drhen, THUATHEGY £4& A

class vector {

int sz;
double* elem;
Int space; // number of elements plus “free space”
Il (the number of “slots” for new elements)
public:
...
1
I 0 " TTTTTTTTTTTTTS Sratl SN allocation;
1 |
______________________ «
L G elements------- - &-----free space-------------- >
(initialized) (uninitialized)
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. iireserve()

-
£

 F Z4AU3E space 48, 1§ Espacess, HAWGHIERSY
= Note: reserve() & & 32 size o 7. % {4

void vector::reserve(int newalloc)
// make the vector have space for newalloc elements

{
If (newalloc<=space) return; // never decrease allocation
double* p = new double[newalloc]; // allocate new space
for (int 1=0; i<sz; ++1) p[i]=elem[i]; // copy old elements
delete[ ] elem; // deallocate old space
elem = p;
space = newalloc;

}
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ve: ori:resize() g

< ¢z reserve() 5, resize() 2R H @
= reserve() «k 22 space 7 4 &t
= resize() 412 7 £ 14

void vector::resize(int newsize)
/I make the vector have newsize elements
/I Initialize each new element with the default value 0.0

{
reserve(newsize); // make sure we have sufficient space
for(int i ='sz; i<newsize; ++i) elem[i] = 0; I/ initialize new elements
SZ = newsize;

1 do 2R E 2T I 8L, reServed ] #Hik g

USTC AUTO



http:/ /staff.ustc.edu.cn/~zlwang/

. ecto;::p:'u'sh_back() —

< ¢z reserve()/5, push back()£ & % &
= reserve() 422 space 9 4~&t
= push_back() 4% & 3% #e — A4

void vector::push_back(double d)
Il increase vector size by one
// initialize the new element with d

{
if (sz==0) // no space: grab some
reserve(8);
else if (sz==space) // no more free space: get more space
reserve(2*space);
elem[sz] = d; /[ add d at end
++57; /[ and increase the size (sz is the number of elements)
}
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res ze(),. nd push_back()"

class vector { /[ an almost real vector of doubles
int sz; /I the size
double* elem; /l a pointer to the elements
Int space; /[ size+free_space
public:
vector() : sz(0), elem(0), space(0) { } /l default constructor
explicit vector(int s) :sz(s), elem(new double[s]) , space(s) {} // constructor
vector(const vector&); Il copy constructor
vector& operator=(const vector&); // copy assignment
~vector() { delete[ ] elem; } /I destructor
double& operator|[ J(int n) { return elem[n]; } // access: return reference
Int size() const { return sz; } Il current size
void resize(int newsize); Il grow (or shrink)
void push_back(double d); /[ add element
void reserve(int newalloc); Il get more space
Int capacity() const { return space; } Il current available space
};
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o — /AN vector £ — /3t %
= vector v(10);
= vector* p = &v; /[ we can point to a vector object

“ Har, vector 9 A R BHKEEF| A AT
- AARRLEE, “feaf@did” A this

p- \

\
/

10 | , | 10

this:

0.0/0.0 0.0/0.0/0.0 0.0/ 0.0 0.0/0.0/0.0
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)
> * . .
- -

vector& vector::operator=(const vector& a)
/I like copy constructor, but we must deal with old elements

{
...
return *this; // by convention,
/[ assignment returns a reference to its object: *this
}
void f(vector v1, vector v2, vector v3)
{
...
vl =v2 =v3; [/ rare use made possible by operator=() returning *this
...
}

cthisfs4t g mesig g, AEXRERHH LG
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% “Copyandswap” & —#A72 % &9 & A B %

vector& vector::operator=(const vector& a)
/I like copy constructor, but we must deal with old elements
// make a copy of a then replace the current sz and elem with a’s

{
double* p = new double[a.sz]; /[ allocate new space
for (inti=0; i<a.sz; ++i) p[i] = a.elem[i]; // copy elements
delete[ ] elem; // deallocate old space
SZ = a.sz; I set new size
elem = p; /] set new elements
return *this; Il return a self-reference

}
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% “Copy and swap” & & —Ait B A
" e e AFRERRAKG
" 4o % B 4% VECtOor 8.4 f 2.9 a9 5 4k £ 19, &K 41 E 2 42

o AR AR N
e fl4do: a=Db;
b:

N \ SZ:
\ sz:
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}/ector& vector::operator=(const vector& a) 5 A Sk B 2 B 4E &
if (this==&a) return *this; /[ self-assignment, no work needed
If (a.sz<=space) { // enough space, no need for new allocation
for (inti = 0; i<a.sz; ++i) elem[i] = a.elem[i]; // copy elements
space += sz-a.sz; Il increase free space
Sz = a.sz;
return *this;
}
double* p = new double[a.sz]; // copy and swap
for (inti = 0; i<a.sz; ++1) p[i] = a.elem[i];
delete[ ] elem;
SZ = a.sz;
space = a.sz;
elem = p;
return *this;
}
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o 4o 2 £ 41484k vector R 4242 & double ¢4

e R 147 2 vector 48 4 AL A& 4148 2 49 £ A
= vector<double>
= vector<int>
= vector<Month>
= vector<Record*> /[ vector of pointers
= vector< vector<Record> > /l vector of vectors
= vector<char>

v RANLFRTE LR S AL 4 4 vector

“ovector e AR B EAZ LY I A 2L LR
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s FHAEZKSHEA D (0.0, FELatfo AT H)
s 3R2EMHEKREH AT (69, CHt iz A)

o AR L (k)
template<class T, int N> class Buffer { /* ... */ };
template<class T, int N> void fill(Buffer<T,N>& b) {/* ... */ }

< B ] 4L (52 ] 4L)
I for a class template, you specify the template arguments:
Buffer<char,1024> buf; // for buf, T is char and N is 1024

// for a function template, the compiler deduces the template arguments:
fill(buf); I/ for fill(), T is char and N is 1024; that’s what buf has
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ARER G B

// an almost real vector of Ts:
template<class T> class vector {

/...
b
vector<double> vd; /[ T is double
vector<int> vi; /[ Tisint
vector< vector<int> > vvi; /[ T Is vector<int>
// In which T is int
vector<char> vc; /[ T is char
vector<double*> vpd; /[ T i1s double*
vector< vector<double>* > vvpd; // T is vector<double>*
// in which T is double
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tor<_ul:_):'le'> GEABK

/I an almost real vector of doubles:
class vector {

int sz; /Il the size
double* elem; // a pointer to the elements
Int space; /I size+free_space

public:
vector() : sz(0), elem(0), space(0) { } /l default constructor
explicit vector(int s) :sz(s), elem(new double[s]), space(s) { } // constructor
vector(const vector&); /[ copy constructor
vector& operator=(const vector&); /l copy assignment
~vector() { delete[ ] elem; } /[ destructor
double& operator| ] (int n) { return elem[n]; } /[ access: return reference
int size() const { return sz; } / the current size
/...

}
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Ct0r<:'ha:;r>- 0] £$ﬂ3 5“ 23S

=

/I an almost real vector of chars:
class vector {

int sz; /I the size
char* elem; I/ a pointer to the elements
Int space; /I size+free_space

public:
vector() : sz(0), elem(0), space(0) { } Il default constructor
explicit vector(int s) :sz(s), elem(new char[s]), space(s) { } // constructor
vector(const vector&); /[ copy constructor
vector& operator=(const vector&); // copy assignment
~vector() { delete[ ] elem; } /l destructor
char& operator|[ ] (int n) { return elem[n]; } /[ access: return reference
int size() const { return sz; } / the current size
...

};
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/I an almost real vector of Ts:

template<class T> class vector { Il read “for all types T (just like in math)
int sz; / the size
T* elem; I/ a pointer to the elements
Int space; /I size+free_space

public:
vector() : sz(0), elem(0), space(0); /l default constructor
explicit vector(int s) :sz(s), elem(new T[s]), space(s) { } /[ constructor
vector(const vector&); /[ copy constructor
vector& operator=(const vector&); /[ copy assignment
~vector() { delete[ ] elem; } /[ destructor

T& operator[ ] (int n) { return elem[n]; } // access: return reference
int size() const { return sz; } // the current size

I ...
}
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/I an almost real vector of Ts:

struct out_of range {/* ... */ };

template<class T> class vector {

...
T& operator|[ ]J(int n); /[ access
...
|3
template<class T> T& vector<T>::operator[ J(int n)
{
If (N<0 || sz<=n) throw out_of range();
return elem[n];
}
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void fill_vec(vector<int>& v, int n) / initialize v with factorials
{
for (int i=0; i<n; ++i) v.push_back(factorial(i));
}
int main()
{
vector<int> v;
try {
fill_vec(v,10);
for (int i=0; i<=v.size(); ++i)
cout << V[ << i << "]==" << V[i] <<\’
}
catch (out_of range) { Il we’ll get here (why?)
cout << "'out of range error"’;
return 1;
}
}
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@‘ Aol @;‘ﬁ"%ﬂtﬂ :5?:-

/] sometimes we cannot do a complete cleanup

vector<int>* some_function() /I make a filled vector
{
vector<int>* p = new vector<int>; /[ we allocate on free store,
// someone must deallocate
try {
fill_vec(*p,10);
/...

return p;// all’s well; return the filled vector

}
catch (...) {

delete p; // do our local cleanup
throw; I re-throw to allow our caller to deal

} ™S

A GAL R B, BH R AAEAT A A4
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-ﬁ' T’F‘ l 52, (iﬁi ¥ {2 & 4 # 1) -

// When we use scoped variables cleanup is automatic
vector<int> glob;

void some_other_function() /[ make a filled vector

{
vector<int>v; /] note: vector handles the deallocation of elements
fill _vec(v,10);
/] use v
fill_vec(glob,10);
/...

}

SR AAATEE~NUYy B, AiFatA—T
= R EE AR b AR 4F
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kR ROl EBARSY, TN

= 4 std_lib_facilitiessh #, & 41 £ A—M# 55 (£ 23L) T H 2 3L
vector {1 = 4X, & Vector
#define vector Vector
(ZH# KA EL60, AARFTINGRBIhEFEFHGRAEA—
—AERGRDBF, 2RALBEIABOHMZGO—-NEEZLER)
= &A1t String 4 T Bl EH
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e

I the standard library vector doesn’t guarantee a range check in operator] ]:
template<class T> class vector {

/...
T& at(int n); Il checked access
T& operator|[ ](int n); I/ unchecked access
|
template<class T> T& vector<T>::at (int n)
{
if (N<0 || sz<=n) throw out_of range();
return elem([n];
}
template<class T> T& vector<T>::operator[ ]J(int n)
{
return elem([n];
}
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vect: @ const i

template<class T> class vector {

/...
T& at(int n); Il checked access
const T& at(int n) const; Il checked access
T& operator| ](int n); // unchecked access
const T& operator[ ]J(int n) const; // unchecked access
...

I

void f(const vector<double> cvd, vector<double> vd)

{
...
double d1 = cvd[7]; /I call the const version of [ ]
double d2 = vd[7]; /I call the non-const version of [ ]
cvd[7] = 9; Il error: call the const version of [ ]
vd[7] = 9; /[ call the non-const version of [ ]: ok

}
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% string & vector<char> % % 4a &

= e.g.size(), [], push_back()

= P AEAAARGESHUEA R KA LY
< string # % # £ & # T T AL

= R HEKAE ()

= A4 CAKGFHSE (Cstr()
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48 STL, M ACHHiz 4 & 6 &R o 4 ik 3 o
" AFF AT, ERKE. RE (4 vector, list, #o map)

= a4 find(), find_if(), sort(), copy(), copy _if() F=
accumulate()
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