
Lecture 26: C++ part XI

Suggested Literature



RVO (Return Value Optimization)



This is such a cool feature!

When a function returns an 
unnamed object, C++17 

standard requires the 
compiler to avoid the 

creation of a temporary 
object (copy elision)

Return Value 
Optimization



RVO is NOT using the 
moving constructor 

RVO happens even if there is 
no moving constructor (in 
this code, there isn’t one 

because the copy constructor 
is used defined)

RVO: compiler optimization

Return Value Optimization



RVO is NOT using the 
copying constructor            

(RVO != copy / move)

Even with deleted copying 
and move constructors, RVO 

still happens

RVO: compiler optimization

Return Value Optimization



In C++<17 RVO could have 
been disabled by the 

compiler (nice, but not a 
must feature)

Not possible to disable RVO 
in C++17 and beyond

Return Value Optimization



In GetBase(), the var is named 
RVO works on unnamed values

Wouldn’t it be nice if the 
compiler could apply RVO even 

with named variables?

It did! Somehow, the entire 
code happened without a copy!

Return Value Optimization



This is named NRVO (C++17): 
Named Return Value 

Optimizations

RVOs are mandatory to all 
compilers by the standards and 

cannot be turned off via 
compiler flags. NRVOs are 

suggested and can be turned off

RVO vs NRVO



Templates

C++ template 
metaprogramming 
is a large topic that 
we will only glance

Advanced feature

Takes time to study 
/ debug 

metaprogramming

Suggested Literature



Templates

C++ template 
metaprogramming is 

hard to master (it takes 
years)!

Advanced feature

Takes time to 
study/debug 

metaprogramming



Templates

Template 
arguments are 
usually types 

(can be integers)

Templates are 
converted to 

normal functions 
during compilation

Templates args: <arg1, arg2,…>



Templates

Template 
arguments can be 
deduced from arg’s 

types
We need to be a bit 

careful here. No 
casting allowed if 
template args are 

deduced



Templates
We need to be a bit careful 
here. No casting allowed if 
template args are deduced



Templates
We can have 

multiple template 
arguments

(even infinite w/ 
variadic templates) 

Here, we still need 
to be a bit careful 

with arg. deductionSolving this issue will 
take a few slides



Templates

We can have multiple 
template arguments. 

We still need to be a bit 
careful with arg. 

deduction
First solution: (a bit 
ugly): independent 

return type



Templates
STL type_traits rescue us 

std::common_type_t 
determines the common 

type; the type all Ts can be 
implicitly converted to. 

If such a type exists, ok. 

Otherwise, there is no 
member type (compiler 

error)



Templates

std::common_type_t 
Example: no common type 

between string and int.



Templates
Function 

overloading also 
works with 

template 
functions

Ex: expand 
template function 

to work with 
pointers



Template Classes

Classes can also be 
templates

Here, we create a stack 
class (which can hold 

integers, doubles, 
strings, etc.).



Integer as Template

Integers can also be 
template arguments

With recursion, we can 
do compile-time math 
(be careful with large 

numbers)



CTAD

CTAD (C++17): Class 
Template argument deduction

The compiler deduces class 
template arguments from 

constructor arguments



Variadic templates

We can have an infinite 
number of template 

parameters

We use template 
specialization to end the 

recursion



Variadic templates

We can have an infinite 
number of template 

parameters

We use template 
specialization to end the 

recursion



Template-
Template params

Template parameters 
can themselves be 

templates



Folding expressions

Fold expressions (C++17) 
are a new way to expand 

parameter packs that 
previously required 
recursive template 

specialization



Folding expressions

Fold expressions (C++17) 
are a new way to expand 

parameter packs that 
previously required 
recursive template 

specialization



SFINAE
SFINAE means 

Substitution Failure is 
not an error. 

When template 
substitution fails, the 
compiler removes the 
overload instead of 
giving a hard error



SFINAE
SFINAE means 

Substitution Failure is not 
an error. 

When template substitution 
fails, the compiler removes 

the overload instead of 
giving a hard error



Concepts

Concepts aims to be 
the C++26 replacement 

of SFINAE

The idea is to restrict 
template behavior 

without need for failed 
overload



Concepts

Concepts aims to be 
the C++26 replacement 

of SFINAE

The idea is to restrict 
template behavior 

without need for failed 
overload

You can create custom 
concepts



Concepts

Concepts aims to be the C++26 
replacement of SFINAE

The idea is to restrict template 
behavior without need for failed 

overload



Compile Time if/else
if constexpr (C++17):

Branches that are not taken 
are completely discarded at 

compile time.

They don't even need to be 
valid code for the given 

type.



Compile Time if/else
if constexpr (C++17):

Branches that are not taken 
are completely discarded at 

compile time.

They don't even need to be 
valid code for the given type.



CRTP
CRTP: Curiously 

Recurring Template Pattern

Emulate what virtual 
functions do in base class 
but without runtime cost

It is also called static 
polymorphism



CRTP
CRTP: Curiously 

Recurring Template 
Pattern

static 
polymorphism is 

not the only 
application of 

CRTP



CRTP

CRTP: Curiously 
Recurring Template 

Pattern

static polymorphism is 
not the only application 

of CRTP



Type-traits

compile-time templates used to 
inspect or modify the properties of 

a type. 



Type-traits

They act as a way to "query" 
information about a type ("is this an 

integer?") or transform it (e.g., "remove 
const") before the program even runs.



Type-traits
They act as a way to 
"query" information 

about a type ("is this an 
integer?") or transform it 

(e.g., "remove const") 
before the program even 

runs.



Variable Templates

C++14: Variables can be 
templated

This is how the _v suffix 
traits work in <type_traits>



constexpr / consteval
compile-time functions

Constexpr (C++11): MAY 
be evaluated at compile time 

(if inputs are constexpr)

consteval (C++20): MUST 
be evaluated at compile time



Additional Reading: Where to read more?

There are several expert blogs 
about C++ at a level way 

higher than I will teach. If you 
want more – check, for instance

https://brevzin.github.io 



Exceptions



Exceptions
What happens if we type 

the wrong student id?

C++ allows the use of 
exceptions to perform 

error handling (~Python)

Exception safety is an 
advanced topic. Rule for 

newbies: dangerous to use 

Why? It disrupts the code 
flow. What if we have an 

array in the heap?

https://blog.plan99.net/what-s-wrong-with-exceptions-nothing-cee2ed0616
https://blog.plan99.net/what-s-wrong-with-exceptions-nothing-cee2ed0616
https://blog.plan99.net/what-s-wrong-with-exceptions-nothing-cee2ed0616


Exceptions
Exception: Dangerous

Why? It disrupts normal 
flow of the program

If you adopt malloc / 
free for mem allocation 
(C++ ver. new / delete), 
then C++ exceptions can 

create memory leaks.



Congratulations
You now have an intermediate 

understanding of the C++ language, which 
can be incredibly helpful in scientific 

research


