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UML Multiplicity Categories

Mandatory Optional
Single Value [1] [0..1]
Multivalued | [1..x] [2..4] | [x] [0..x] [0..2]




Mandatory & Optional Multivalued

e Multiplicity: [x] [0..2] [0..%x] [1..x]
[2..4]

e Containers:
std::vector<int>
std: :deque<int>
std:: list<int>
std::forward list<int>(C++11)

std::array<int, N>(C++11)whereNisa
constexpr


http://www.cplusplus.com/reference/forward_list/forward_list/
https://en.cppreference.com/w/cpp/container/array

Optional Single Value

Project

-name:Name O0..1




Optional Single Value: G++ Pointer

struct Record {
char®* name = nullptr;

b,

Project

-name:Name 0..1




(++ Pointer Use

struct Record { void output(const char* name) {
char* name = nullptr;
1f (name) {
}; std::cout << *name << '\n';



J states of cha rx

char* name = nullptr;
output(name);

char* name = "":
output(name);

char* name = "Hello";
output(name);



std: : stringRecord

struct Record {
std::string name;

},
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2 Statesof std: :string

std::string name;
output(name);

std::string name = "Hello";
output(name);
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struct Record {

std::string name;

bool hasName = false;

1f (hasName) {

}

std: :cout << name;

Solution: Flag

e For each optional, have to maintain
another flag variable

e Have to remember the relationship
between name and hasName
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Solution: std: :optional

std: :optional<std::string> name;

assert(!name);

name = "Fred";
assert(name);

1f (name)
assert(*name ==

name = std::nullopt;
assert(!name);

"Fred");

o C++17/ feature, similar to
boost::optional

e Can be used on any value type (non-
pointer)

e Allows for lazy loading/allocation

e Complete replacement of having to use
pointers for optional single-value
attributes


https://en.cppreference.com/w/cpp/utility/optional
https://www.boost.org/doc/libs/1_65_1/libs/optional/doc/html/index.html
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Scalar Usage

std::optional<int> size;
assert(!size);

std: :optional<int> leftValue(10);
assert(leftValue);
assert(*leftValue == 10);

std::optional rightValue(10);
assert(rightValue);
assert(*rightValue == 10);

auto leftValueCopy = leftValue;

leftValueCopy = leftValue;

auto oDouble = std::make_optional(3.0);
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#include <optional>

struct Record {
std::optional<std::string> name;

Use Case: Represent Optional Types

void output(std::optional<std::string> name) {

1f (name) {
std: :cout << *name << '\n';

std::optional<std::string> name;

std::optional<std::string> name
output(name);

std::optional<std::string> name
output(name);

"Hello";
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Use Case: Error Return

std::optional<std::string> getName() {
if ( )
return std::nullopt;

std::string name;

return name;



Takeaway

std: :optional<std::string> name;
assert(!name);

nane = “Frad’ e Usestd::optional whereyouare
if (nane) mapping from an Optional type in UML
assert(*name == "Fred");

name = std::nullopt;
assert(!name);

e Usestd: :optionalinallcases
where pointers are used to represent
optional values



