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What will you learn today?

Learning objectives
® organize code into multiple implementation (.cpp) and header (.h) files
o write Makefiles to incrementally build code
® create a shared library
® organize related data into structs (structures)
® manipulate data indirectly via pointers

o differentiate between Ivalues and rvalues
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® organize related data into structs (structures)
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Structures: Motivation

int main() {
// X,y coords for point a
int ax{0};
int ay{0};

// X,y coords for point Db
int bx{0};
int by{0};

Common scenario: logical entitities (for example, coordinates) have multiple pieces
of associated data (for example, longitude, latitude, altitude).

Problem: this can lead to messy code and a proliferation of variables.



Stucture Syntax

struct Loc {
int X
int vy
Fs

0;
0,

int main() {

Loc a{};

Loc b{.x=7, .y=8};
¥

Solution: create new types using structs. Each variable (a and b) has its own
members (x and y).



Structure Reference Operator (.)

struct Loc {
int Xx
int y

b

0;
0,

int main() {
Loc a{}:
Loc b{.x=7, .y=8};

std:icout << a.x << "\n";:
std:icout << b.x << "\n";

} |

get value from struct



address space:

Pass by Value

struct Loc {

int x = 0;

int y = 0, A
Fs
void f(Loc c) {
s

stack

int main() {
Loc a{};
Loc b{.x=7, .y=8};

stack frame

main




address space:

Pass by Value

struct Loc {

int x = 0;

int y = 0, A
Fs
void f(Loc c) {
s

stack

int main() {
Loc a{};
Loc b{.x=7, .y=8};

main




Pass by Value

struct Loc {
int Xx
int vy

0;
0,

b
void f(Loc c) {

}...

int main() {
Loc a{}:
Loc b{.x=7,

. y=8};

stack

main

address space:

b.x

d.X

ay



Pass by Value

struct Loc {

b

void f(Loc c) {

1nt X
int vy

}...

int main() {

}

Loc a{};

Loc b{.x=7,

f(a);

calll

0,
0"

. y=8};

stack

main

address space:

C.X

cy

b.x

d.X

ay

copy a to x
(yes, it's slow If the
struct is big)



Pass by Value

struct Loc {

b

1nt X

0;
int vy 0;

void f(Loc c) {

}

C.X = 3 modify

int main() {

}

Loc a{};
Loc b{.x=7, .y=8};
f(a);

stack

main

address space:

C.X

cy

b.x

d.X

ay

updated

not updated
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address space:

Address and Pointers

int main() A{
int x{3};
int yv{4};
intx pa = nullptr; // 0
int xpb = nullptr; // 0 |4

0 pb
Int™ and "int *" are the same 108
(former leads to better inturtion)
addresses 0 pa
116
4 Y
| o 120
TYPE 2222, variable containing value of TYPE 3 X
TYPE* 227, pointer variable containing 124

addressof value of TYPE



Add ress_Of OPeI”atOI" address space:

int main() {
int x{3};
int yi4};

intx pa = nullptr; // @

int *pb = nullptr; // 0 4
cout << &x << "\n"; 0 &

I3 108
0 pa

16
4 Y

120
3 X

124

..bigger addrs...



Add ress_Of OPel’ator’ address space:

int main() A
int x{3};
int y{4};
1Ntk Da = nullptr; // 0
int *pb = nullptr; // @

pb = &X;
1 120 pb
108 R
store address of x value in pb variable
0 pa
|16
4 Y
| 20 7
3 X
| 24

..bigger addrs...



address space:

Expressions Involving Ptrs

int main() A
int x{3};
int y{4};
intx pa = nullptr; // 0
int xpb = nullptr; // 0 |4

pb = &X;

ob 120 pb

s 108
0 pa

116
4 Y

120
3 X

124

..bigger addrs...



address space:

Expressions Involving Ptrs

int main() A
int x{3};
int y{4};
intx pa = nullptr; // 0
int xpb = nullptr; // 0 |4

pb = &X;

*pb 120 pb

s 108
0 pa

116
4 Y

120
3 X

124

..bigger addrs...



address space:

Expressions Involving Ptrs

int main() A
int x{3};
int y{4};
intx pa = nullptr; // 0
int xpb = nullptr; // 0 |4

pb = &X; )
*pb = 7/; 120 p

} 108
0 pa

16
4 y

120
7 X

24

..bigger addrs...



address space:

Expressions Involving Ptrs

int main() {

int x{3};
int y{4};
intx pa = nullptr; // 0
int xpb = nullptr; // 0 |4
pb = &X;
xpb = 7; 120 PP
cout << xpb << "\n"; /o
cout << pb << "\n"; 20
} 0 pa
16
4 y
120
7 X
124

..bigger addrs...



. ddr :
Addr of Pointer! R

int main() {

int x{3};

int y{4};

intx pa = nullptr; // 0

int *xpb = nullptr; // 0 |4
pb = &X;

*pb — 7; 120 pb
cout << *xpb << "\n"; /7 |4
cout << pb << "\n"; 20

cout << &pb << "\n"; |00 0 Pa

¥ 16
4 Y

120
7 X

124

..bigger addrs...



Watch OUt' address space:

int main() {

int x{3};
int yv{4};
intx pa = nullptr;
int(:bb = nullptr; 100
pb = &;(;\NOT indirection op pb
@b — 7; 120
s \ 108
indirection op 0 pa
116
4 Y
120
7 X
124

..bigger addrs...



address space:

Pointer Init

int main() {

int x{3};
int y{4};
intx pa = nullptr;
int *pb = &X; make pb point to 100
*pb = 7; something
1 120 pb
update value pb
points to 108
0 pa
|16
" has different uses: creating a 90 4 4
pointer type, and indirection - o
| 24

..bigger addrs...



address space:

Many Ways to Get to a Value

int main() {

int x{3};
int y{4};
intx pa = &X;
intx pb = &X; 00
s
120 pb
three ways to get to "3" value:
® ¥ |O8
[ %pa
120 pa
o %pb
116
4 y
120
3 X
| 24

..bigger addrs...



PaSS by POintel" address space:

void f(intx p) A
*p = 5 % 100; 100

} G 136

int main() {
int x{3};
f(&x);

s

main

stack

| 36




Pass by Pointer

void f(intx p) A{
p = 5 x 100; modify
¥

int main() {
int x{3};
f(&x);

s

stack

main

address space:

|00

| 36

136

500

change is seen
by main function!
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lvalue vs. rvalue

int main() {
int *x = &3; // store address of 3 in pointer
*X = 4; // change 3 value
stdi:cout << 3 << "\n"; // haha!

+
can we redefine 37!



lvalue vs. rvalue

int main() {
int *x = &3; // store address of 3 in pointer
*X = 4; // change 3 value
stdiicout << 3 << "\n"; // haha!

}

can we redefine 37

No

error: cannot take the address of an of type 'int'

related error:
expression 1s not assignable



lvalue vs. rvalue

int main() {
int *x = &3; // store address of 3 in pointer
*X = 4; // change 3 value
stdiicout << 3 << "\n"; // haha!

I3

can we redefine 37

No

error: cannot take the address of an of type 'int'

Ivalues are in memory somewhere, and you can get the address.

rvalues may or may not be in memory (could be In register, hardcoded,
etc) -- you cannot get an address.



address space:

lvalue vs. rvalue

int main() {

int x{3};
int y{4};
intx pa = &X;
\ intx pb = &X; 00
120 sle
108
. 120 pa
s pa the same as &*pa!
116
4 Y
sort of... 120
3 X
124

..bigger addrs...



address space:

lvalue vs. rvalue

int main() {

int x{3};
int y{4};
intx pa = &X;
intx pb = &X; 00
pa
1 120 pb
108
. 120 pa
s pa the same as &*pa!
16
4 y
sort of... 120
3 X
124

..bigger addrs...



address space:

lvalue vs. rvalue

int main() {

int x{3};
int y{4};
intx pa = &X;
intx pb = &X; 00
*pa
1 120 pD
108
. 120 Pa
s pa the same as &*pa!
16
4 Y
sort of... 120
3 X
124

..bigger addrs...



lvalue vs. rvalue

int main() A
int x{3};

int yv{4};
intx pa = &X;
intx pb = &X;
&kpa

s pa the same as &*pa/

both are 120, but pa is an Ivalue,
and &*pa is an rvalue

address space:

|00

108

|16

| 20
| 24

..bigger addrs...

120

120

rvalue

120




address space:

lvalue vs. rvalue

int main() {

int x{3};
int y{4};
intx pa = &X;
intx pb = &X; 100
// same (120): 120 PD
std::cout<< pa <<"\n"; 08
stdi:cout<< &kpa <<"\n";
} 120 pa
16
4 Y
120
3
124 ”

..bigger addrs...



address space:

lvalue vs. rvalue

int main() {

int x{3};
int y{4};
intx pa = &x;
1Ntk pb = &X; 00
// OK (lvalue on left) 120 pb
pa = &y; 108
// not OK (rvalue on left)
&kpa = &y; 120 pa
; 16
4 Y
120
3 X
124

..bigger addrs...
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Structs with Pointers

struct Loc {
int X
int y
&

Q;
0,

void f(Locx p) {
// TODO: update x
s

int main() {
Loc a{};
Loc b{};
f(&a);

+

main

|00

|28

| 36

address space:

136

b.x

d.X

ay



Structs with Pointers

struct Loc {
int X
int y
&

Q;
0,

void f(Locx p) {
P
+

int main() {
Loc a{};
Loc b{};
f(&a);

+

main

|00

|28

| 36

address space:

136

b.x

d.X

ay



Structs with Pointers

struct Loc {
int X
int y
&

Q;
0,

void f(Locx p) {
*P
}

int main() {
Loc a{};
Loc b{};
f(&a);

+

main

|00

|28

| 36

address space:

136

b.x

d.X

ay



Structs with Pointers

struct Loc {
int X
int y
&

Q;
0,

void f(Locx p) {
\ (*kp).x

int main() {
Loc a{};
Loc b{};
f(&a);

+

main

|00

|28

| 36

address space:

136

b.x

d.X

ay



Structs with Pointers

struct Loc {

b

void f(Locx p) {

int X
int y

Q;
0,

(xp).Xx |[= 123;

¥

int main() {

¥

Loc a{};
Loc b{};
f(&a);

main

|00

|28

| 36

address space:

136

123

b.x

d.X

ay



Structs with Pointers

struct Loc {
int X
int y
&

Q;
0,

void f(Locx p) {
// same:
(xp).x = 123;
p—>X = 123;

I3

int main() {
Loc a{};
Loc b{};
f(&a);

¥

main

|00

|28

| 36

address space:

136

123

b.x

d.X

ay



