
Lecture 21: C++ part VI

Suggested Literature



l-value references



l-value references
In C, args passed by value. 

Without pointers, where the 
address of a variable is 

passed by value, there is no 
way in C that function 
arguments can modify 

variables defined on main()



In C++, arguments can be 
passed by l-value reference

 References are not pointers

No need for *x dereference 
operator (like in pointers)

Cannot change the address the 
function argument references 

l-value references



What is an l-value (C++03 def.)?

Variables that makes sense at 
the left side of an assignment

x = 2;

r-values (C++03 def.) can’t be 
on the left side of an 

assignment

l-value references



l-value reference is a reference 
to an l-value object. In C++, 

arguments can be passed by l-
value reference

Why is this relevant?

Some classes are expensive to 
copy (some don’t allow copy)

l-value references



l-value references
l-value references are 
compatible with const 

correctness

Copy vs reference not relevant 
in speed for intrinsic types 

(e.g., int, double, char, long 
double, long int..)



l-value references 
can create multiple 

variables that 
affect the same 

address (similar to 
a pointer)

It serves as an 
alias (useful if the 
original var name 
is cumbersome)

l-value references



r-values can bind to 
const l-value 

references. How? 

The const keyword 
prevents the l-value 
reference from being 
on the left side of any 

assignment!

An interesting 
example



Compiler creates a 
temporary unnamed 

restricted l-type 
variable from the 
materialization 

(C++17 word) of an 
r-value

An interesting 
example



Lambda Functions



C++ Lambdas
Anonymous functions

They are super useful in 
STL algorithms

They are great for 
readability of code

Think of them as holding 
small "disposable" one-

time-use utility code



C++ Lambdas

Lambdas can “capture” 
existing objects in their 

scope (value or reference)

Capture by value makes the 
variable read-only

You can override this 
behavior with the mutable 

keyword

https://stackoverflow.com/a/27715105/2472169
https://stackoverflow.com/a/27715105/2472169
https://stackoverflow.com/a/27715105/2472169
https://stackoverflow.com/a/27715105/2472169
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C++ Lambdas

Be careful with capture by 
l-value reference

Any change to the “global” 
variable in the scope up to 

the point you call the 
function affects the local 

variable



C++ Lambdas

What about pass-by value?

Completely different 
behavior!

Copy happens at the line 
where the lambda is 

defined!



C++ Lambdas

Although not advisable, 
lambdas can capture all the 
objects it sees in the scope, 
either by value [=] or by l-

value reference [&]



C++ Lambdas

Although not advisable, lambdas 
can capture all the objects it sees 
in the scope, either by value [=] 

or l-value references [&]

[=] + mutable implies variables 
are not read-only (same behavior 

as w/ single capture)



C++ Lambdas

C++14 introduced 
the generalized lambda 
capture. It allows you to:

1.specify the name of a 
data member in the 
closure class generated 
from the lambda

2.specify an expression 
initializing that data 
member.



C++ Lambdas

C++14 introduced 
the generalized 

lambda capture. 

Be careful, with terrible 
design, you can make 

your code hard to 
understand (even with 
simple calls to lambda 

functions)



C++ Lambdas



C++ Lambdas
Can we capture a 

variable by constant 
reference? YES

It avoids a potentially 
expensive copy (e.g., a 

large matrix) but 
ensures the global 
variable cannot be 

modified.



C++ Lambdas

C++14:  lambda 
functions can be 

returned from normal 
functions

Use the auto 
keyword to specify 

the types



C++ Lambdas + containers

High-level abstraction of 
C++ containers

std::function is a type-
erased wrapper. Can warp 

any callable entity 



More STL Algorithm and 
Ranges on STL vectors

Many of them we saw in examples in the 
previous three classes



Algorithms that take args by l-value ref

ranges::generate 
needs to populate the 

input std::vector

So, the lambda 
function needs an       
l-value reference 
to the vector input 

element



Algorithms that take args by l-value ref

ranges::for_each 
needs to change the 

input std::vector

So, the lambda 
function needs an       
l-value reference 
to the vector input 

element



Parallel STL Algorithms



Parallel STL algorithms
Algorithms can run in parallel (C++17). 

To see the speed up, you need to provide more cores 
to the docker container (here, I provide four cores)



C++ Algorithms 

Algorithms can run 
in parallel (C++17)

GCC uses intel 
threading building 

blocks (-ltbb) under 
the hood for 
execution

https://github.com/oneapi-src/oneTBB
https://github.com/oneapi-src/oneTBB
https://github.com/oneapi-src/oneTBB


C++ Algorithms 

Algorithms can run in 
parallel (C++17)

GCC uses intel 
threading building 

blocks (-ltbb) under 
the hood for 
execution

https://github.com/oneapi-src/oneTBB
https://github.com/oneapi-src/oneTBB
https://github.com/oneapi-src/oneTBB


Homework I
• Given a std::map<string,int>, create a complete 

example where you, in a single line, create a second 
map where all the values in the second map are the 
squares of the values in the first map.

Tip: use std::views::transform, std::ranges::to and 
a lambda function that squares each element.



Homework II
• Given a std::vector<int> with 6 elements, create a 

complete example where you use 
std::vector<int>::iterator .begin() and .end() + 
the old C++98 std::transform style to 
(1) double the value of every vector element.                                          

(Tip: you will need to a second vector to hold the results)

(2) double the first three elements
(3) double the last three elements

• Redo (1) using std::views::take and the new range-
based std::ranges::transform to double 
• the first three (you will need std::views::take)
• the last three  (you will need std::views::drop)



Homework III
• Using pipping and std::ranges::to copy all elements 

of a std::vector<int> to an std::list<int> (create a 
complete example). 

• Redo (1), but in the end, use fmt::join to print all 
elements of the list separated by a comma. Use 
fmt::print

• Redo (1), but use Python style loop “for x in z” 
(range-based C++11 loops) to print all the elements of 
the list (separate them by \n). Use C++98 std::cout

• Redo (1), but use old C++98 std::list<int>::iterators 
and C++98 streams (std::cout) to print all the list 
elements



Homework IV
Given two STL vectors v1 and v2 of the same size.

• (1) Create vectors v1 and v2 with a size of 30. Fill them with random numbers 
from a uniform distribution between 1 and 10 using std::ranges::generate.

• (2) Use std::views::transform to create a new view v3 that contains v1[i] * 
v2[i] for each element. Materialize the result into a vector<int> using 
std::ranges::to<vector>(). 

• (3) Use std::views::zip combined with std::views::transform to compute 
v1[i] + v2[i]. Print the first 20 elements using std::views::take(20) and 
fmt::join.

• (4) Given v1, use std::views::filter to create a view containing only the even 
elements. Then use std::views::transform to square them. Materialize the 
result and print its size. 

• (5) Use std::views::drop(N/2) and std::views::take(10) together with 
fmt::println to print the 10 elements starting from the middle of v1.



Homework V
Running averages with views::adjacent. Create a 
vector<double> of 90 noisy samples (Uniform, 
min=0, max=1). Use std::views::adjacent<5> 
combined with std::views::transform to compute a 
3-point moving average as a lazy view. 

(1) Materialize the average of the entire vector 

(2) Materialize only the last 10 averages using 
views::drop + views::take.



Homework VI
• Estimate pi by counting random (x,y) points in [0,1]^2 that fall 

inside the unit circle. The ratio (points inside) / (total points) 
approaches pi/4 as N grows, so pi ~ 4 * inside / N.

Hints:
  - Use std::views::iota(0, N) to generate N indices.
  - Pipe through std::views::transform to produce (x,y) pairs using a 

    uniform_real_distribution<double>(0,1).
  - Pipe through std::views::filter to keep only points where x*x + y*y 
<= 1.0.
  - Count the surviving points with std::ranges::distance (this is what 

    forces the lazy pipeline to actually evaluate).
  - Run for N = 10^4, 10^6, 10^8 and observe convergence. Expected 
statistical error scales as 1/sqrt(N).



Homework VII
• Create a map of <string, lambda functions> whose object is 

named mymap so that mymap[''add''](x,y) add two numbers, 
mymap[''mult''](x,y) (create a complete example to show that). 



Homework VIII
• Write a function compose that takes two lambdas f and g and 

returns a new lambda that computes f(g(x)). Use it to compose 
square and add3 (x+3) into (x+3)^2 and x^2+3. Then apply it to 
a vector using std::views::transform.



Homework IX (not going to be on the exam)
(1) Using C-style loops, write a C++ program that prints the first 100 Pythagorean triples.
The range-v3 library goes beyond what “ranges” in the C++ standard can do. The author, Eric Niebler 
(who works at Nvidia), has an interesting C++ blog (http://ericniebler.com). Here is his solution to the same 
problem. Try to run this program. 

PS: Including -O2 or –O3 optimization compiler flags made a big diff in runtime

https://github.com/ericniebler/range-v3/tree/master
https://github.com/ericniebler/range-v3/tree/master
https://github.com/ericniebler/range-v3/tree/master
http://ericniebler.com/


Additional reading

On C++ random 
number generation

std::mt19937 
vs 

std::random_device


