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What will you learn today?

Learning objectives
® make informed decisions about how to store values with vectors

® take advantage of move semantics to avoid unnecessary coplies



Outline

Worksheet and TopHat
Vectors

Moving vs. Copying



C Arrays, C++ Arrays, Vectors

// C array
int size = 10; nums| is a pointer, need to keep/pass
auto numsl = new int[sizel]; size variable around with numsl|

// C++ array

auto nums2 = new array<int, 10>();
cout << nums2->size() << "\n";
f(nums2);

// vector

auto nums3 = new vector<int>(10);:
cout << nums3->size() << "\n";
nums3—>push_back(368);

g(nums3);



C Arrays, C++ Arrays,Vectors

// C array
int size = 10;

auto numsl = new intlsizel; the size Is part of the type! Must be

a literal or a constexpr.

// C++ array
auto nums2 = new array<int, 10>();
cout << nums2->size() << "\n'";
f(nums2); don't need to track size separately
f must accept arrays

of size 10 specifically!
// vector
auto nums3 = new vector<int>(10);
cout << nums3->size() << "\n";
nums3—>push_back(368);
g(nums3);



C Arrays, C++ Arrays, Vectors

// C array
int size = 10;
auto numsl = new int[sizel:

// C++ array
auto nums2 = new array<int, 10>();
cout << nums2->size() << "\n";
f(nums2);
int Is part of the type, but size Is just an

argument and Is decided at runtime
// vector

auto nums3 = new vector<int>(10):
cout << nums3->size().<< "\n":

nums3—>push_back(368); don't need to track size separately

g(nums3); size can change

g may take an int
vector of any size



Growing a Vector

struct Loc {
int X
int y
&

int f() {
vector<Loc> vec{{2,3}};

0;
0,

heap

24

140

|44

address space:

140

...other...

VEC



Growing a Vector

struct Loc {

&

int X
int vy

Q;
0,

int f() {

}

vector<Loc> vec{{2,3}};
vec.push_back({4,5})

heap

24

140

|44

address space:

140

...other...

VEC

not enough space



Growing a Vector

struct Loc {

&

int X
int vy

Q;
0,

int f() {

}

vector<Loc> vec{{2,3}};
vec.push_back({4,5})

heap

24

140

|44

|52

address space:

140

VEC

COpYy



Growing a Vector

struct Loc {

&

int X
int vy

Q;
0,

int f() {

}

vector<Loc> vec{{2,3}};
vec.push_back({4,5})

heap

24

140

|44

|52

| 60

address space:

140

VEC

add



Growing a Vector

struct Loc {

&

1nt X

0;
int y 0

int f() {

}

vector<Loc> vec{{2,3}};

vec.push_back({4,5})

heap

| 24

| 40

|44

|52

| 60

address space:

152

...other...

VEC

update size

update ptr

delete



Size vs. Capacity

struct Loc {

&

1nt X

0;
int y 0

int f() {

}

vector<Loc> vec{{2,3}};

vec.push_back({4,5})

address space:

| 24
I size
- 3 capacity
140
| 40
2
| 44

heap

reserved space
for growing




vector<Student> items: vector<Student*> items:

3 3
4 4
ptr "> ptr ">
obj Ptr_ ~
discussion question |: ptr N
obj when would each layout be more / ptr  ~
nullptr
obj discussion question 2:
% when would each layout be preferable §
< || reserved from the perspective of < obj
or /
obj

obj




Vector Demos

Things to note (in the demos)

vectors sometimes call constructors for us

vectors sometimes call destructors for us

we don't get automatic help if we have a vector of pointers
there Is an underlying array

items are tightly packed

bounds checking Is optional

size IS not capacity

i you use a vector to store actual values, be careful about secondary
references to those values if the size can changel

resizing involves copying, which your objects must support!

use reserve and emplace to minimize copying

initialization style affects which overloaded constructor is chosen
assiscnment+init do copy by default

iterators give more flexibility than for-each loops

ranges are replacing iterators in many cases, starting in C++20
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Copy Review

// CODE:

DNA objl{"CATGCGCATAG"};

main

Stack

obj |

size

ptr

11

Heap

CATGCGCATAG




Copy Review

// CODE:
DNA obijl{"CATGCGCATAG"};
DNA obj2 = objl;

Stack | Heap
= Size 11 i _—|CATGCGCATAG
O pt 4 —:
ptr :
= :
g :
N size 11 . —|[CATGCGCATAG
© ptr +—




Copying Upon Return

DNA GenDNA() {
DNA ob3jl{"CATGCGCATAG"};
return objl;

Heap

CATGCGCATAG

}
void main() {
DNA obj2 = GenDNA();
}
Stack
<
Z | — size 11
A fa)
o | © ptr — |
O
< | o size 11
s | ©

CATGCGCATAG




Copying Upon Return

DNA GenDNA() {
DNA ob3jl{"CATGCGCATAG"};
return objl;

}

void main() {
DNA obj2 = GenDNA();

}
Stack | Heap
é % size 11 / CATGCGCATAG

ptr +— |




Copy Elision

DNA GenDNA() {
DNA ob3jl{"CATGCGCATAG"};
return objl;

}

void main() {
DNA obj2 = GenDNA();

}

Stack

<

L _

N fa)

C O
O .

X

< | ol size 11
< | 8

https://en.cppreference.com/w/
cpp/language/copy_elision

* thisis an old optimization
many compilers chose to do

* since C++1/,1ti1s mandatory
IS sOome scenarios

Heap

CATGCGCATAG




Trickier Returns

DNA GenDNA() {
DNA objl{"CATGCGCATAG"};
DNA obj2{"CGCGCG"};

if (22°?)
return objl;
else
return obj2;
}
Stack
< .
%g = size 11
| © ptr — |
3 .
N size 6
Q
° ptr +— |
C | o size
< | 8
| O ptr

volid main() {

}

i |CATGCGCATAG

| __—[CcGCeeG

DNA obj3 = GenDNA();

Heap




Move Semantics

DNA GenDNA() {
DNA objl{"CATGCGCATAG"};
DNA obj2{"CGCGCG"};

if (22°?)
return objl;
else
return obj2;
}
Stack
< .
%g = size 11
| © ptr — |
5 .
N size 6
O
° ptr +— |
C | o size 6
< | 9
| O ptr

volid main() {

}

i |CATGCGCATAG

| __—[CcGCeeG

DNA obj3 = GenDNA();

Heap




Move Semantics

DNA GenDNA() { void main() {
DNA objl{"CATGCGCATAG"}; DNA obj3 = GenDNA();
DNA obj2{"CGCGCG"}; }
if (227?)
return objl;
else
return obj2;
}
Stack 5 Heap
S we[ um ?
—  size '
51 & /F/,,/4'CATGCGCATAG
S| © ptr +— |
) P .
U 1
%\QKE CGCGCG
© ptr
C | ™ size
S | 8
= | O ptr




Move Semantics

DNA GenDNA() { volid main() {
DNA objl{"CATGCGCATAG"}; DNA obj3 = GenDNA();
DNA obj2{"CGCGCG"}; }
if (22?)
return objl;
else
return obj2;
}
Stack 5 Heap

CGCGCG

size 6

Maln
obj3

ptr




Move Semantics

DNA GenDNA() { volid main() {
DNA objl{"CATGCGCATAG"}; DNA obj3 = GenDNA();
DNA obj2{"CGCGCG"}; }
if (22?)
return objl;
else
return obj2;
}
Stack 5 Heap

CGCGCG

size 6

Maln
obj3

ptr




When is Move OK!

Big question: can we "steal” the contents of an object without breaking anything?

Meaning of reference types
* Ivalue reference: stealing is NOT ok
* rvalue reference: take what you want!

Syntax
* Ivalue reference: MyClass& ob
* rvalue reference: MyClass&& obj

std:move(oby)
* cast obj to an rvalue reference
* don't actually move anything!
* overloaded functions can have different behaviors depending on reference
type



Demos...



