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Source: https://isocpp.github.io/CppCoreGuidelines/

https://isocpp.github.io/CppCoreGuidelines/


// Introduction

P.1: Express ideas directly in code
Reason
Compilers don’t read comments (or design documents) and neither do 
many programmers (consistently). What is expressed in code has defined 
semantics and can (in principle) be checked by compilers and other tools.
Example
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class Date {
public:

Month month() const;  // do
int month();          // don't
// ...

};

https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p1-express-ideas-directly-in-code


P.2: Write in ISO Standard C++
P.3: Express intent
P.4: Ideally, a program should be statically type safe
P.5: Prefer compile-time checking to run-time checking
P.6: What cannot be checked at compile time should be checkable at run time
P.7: Catch run-time errors early
P.8: Don’t leak any resources
P.9: Don’t waste time or space
P.10: Prefer immutable data to mutable data
P.11: Encapsulate messy constructs, rather than spreading through the code
P.12: Use supporting tools as appropriate
P.13: Use support libraries as appropriate

// Introduction
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https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p2-write-in-iso-standard-c
https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p3-express-intent
https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p5-prefer-compile-time-checking-to-run-time-checking
https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p5-prefer-compile-time-checking-to-run-time-checking
https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p5-prefer-compile-time-checking-to-run-time-checking
https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p5-prefer-compile-time-checking-to-run-time-checking
https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p5-prefer-compile-time-checking-to-run-time-checking
https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p5-prefer-compile-time-checking-to-run-time-checking
https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p6-what-cannot-be-checked-at-compile-time-should-be-checkable-at-run-time
https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p7-catch-run-time-errors-early
https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p7-catch-run-time-errors-early
https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p7-catch-run-time-errors-early
https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p8-dont-leak-any-resources
https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p9-dont-waste-time-or-space
https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p10-prefer-immutable-data-to-mutable-data
https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p11-encapsulate-messy-constructs-rather-than-spreading-through-the-code
https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p12-use-supporting-tools-as-appropriate
https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#p13-use-support-libraries-as-appropriate


// Introduction

Variables Functions Strong Types Organising 
Code

Unit Tests Language 
Features Comments Enforcement
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Variables



// Variables
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double calc(const std::vector<double>& a, const std::vector<double>& b)
{

auto s1 = 0.0;
auto s2 = 0.0;
for (size_t i = 0; i < a.size(); ++i)
{

s1 += a[i] * b[i];
s2 += b[i];

}

return s1 / s2;
}



double weighted_average(
const std::vector<double>& values, 
const std::vector<double>& weights)

{
auto sum_product = 0.0;
auto sum_weights = 0.0;
for (size_t i = 0; i < values.size(); ++i)
{

sum_product += values[i] * weights[i];
sum_weights += weights[i];

}

return sum_product / sum_weights;
}

// Variables
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// Variables
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double weighted_average(
const std::vector<double>& values, 
const std::vector<double>& weights)

{
return std::ranges::fold_left(

std::views::zip_transform(std::multiplies{}, values, weights),
0.0, std::plus{}) /
std::ranges::fold_left(weights, 0.0, std::plus{});

}



// Variables
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double weighted_average(
const std::vector<double>& values, 
const std::vector<double>& weights)

{
const auto product_of_values_and_weights =

std::views::zip_transform(std::multiplies{}, values, weights);

const auto sum_product = 
std::ranges::fold_left(product_of_values_and_weights, 0.0, std::plus{});

const auto sum_weights = std::ranges::fold_left(weights, 0.0, std::plus{});

return sum_product / sum_weights;
}



// Variables
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const auto result = std::views::zip(values, weights)
| std::views::transform([](const auto& elem) 

{ 
return std::get<0>(elem) * std::get<1>(elem); 

});



// Variables
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const auto product_of_values_and_weights = std::views::zip(values, weights)
| std::views::transform([](const auto& elem) 

{ 
return std::get<0>(elem) * std::get<1>(elem); 

});



// Variables
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const auto product_of_values_and_weights = std::views::zip(values, weights)
| std::views::transform([](const auto& value_and_weight) 

{ 
return std::get<0>(value_and_weight) * std::get<1>(value_and_weight); 

});



// Variables
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const auto product_of_values_and_weights = std::views::zip(values, weights)
| std::views::transform(std::multiplies{});



// Variables
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Use words instead of abbreviations
w → weights

Clear context
name within User context
user_name outside of User context

No redundancies
user.user_name → user.name

Be specific
data → customer_records

As long as needed, as short as possible
number_of_users_in_the_database
→ user_count

Consistent language and style 
snake_case, camelCase, 
PascalCase



Functions



// Functions
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class Account
{
public:

explicit Account(const std::string_view account_holder_name)
: m_account_holder_name(account_holder_name)

{}

[[nodiscard]] long balance() const;
void balance(const long balance);
void balance(const Transaction& transaction);
[[nodiscard]] bool valid() const;

private:
std::string m_account_holder_name;
long m_balance = 0;
std::vector<Transaction> m_transactions;

};



// Functions
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class Account
{
public:

explicit Account(const std::string_view account_holder_name)
: m_account_holder_name(account_holder_name)

{}

[[nodiscard]] long get_balance() const;
void balance(const long balance);
void balance(const Transaction& transaction);
[[nodiscard]] bool valid() const;

private:
std::string m_account_holder_name;
long m_balance = 0;
std::vector<Transaction> m_transactions;

};



// Functions
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class Account
{
public:

explicit Account(const std::string_view account_holder_name)
: m_account_holder_name(account_holder_name)

{}

[[nodiscard]] long get_balance() const;
void set_balance(const long balance);
void balance(const Transaction& transaction);
[[nodiscard]] bool valid() const;

private:
std::string m_account_holder_name;
long m_balance = 0;
std::vector<Transaction> m_transactions;

};



// Functions
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class Account
{
public:

explicit Account(const std::string_view account_holder_name)
: m_account_holder_name(account_holder_name)

{}

[[nodiscard]] long get_balance() const;
void set_balance(const long balance);
void update_balance(const Transaction& transaction);
[[nodiscard]] bool valid() const;

private:
std::string m_account_holder_name;
long m_balance = 0;
std::vector<Transaction> m_transactions;

};



// Functions
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class Account
{
public:

explicit Account(const std::string_view account_holder_name)
: m_account_holder_name(account_holder_name)

{}

[[nodiscard]] long get_balance() const;
void set_balance(const long balance);
void update_balance(const Transaction& transaction);
[[nodiscard]] bool is_balance_valid() const;

private:
std::string m_account_holder_name;
long m_balance = 0;
std::vector<Transaction> m_transactions;

};



// Functions
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class Account
{
public:

explicit Account(const std::string_view account_holder_name)
: m_account_holder_name(account_holder_name)

{}

[[nodiscard]] long get_balance() const;
void set_balance(const long balance);
void update_balance(const Transaction& transaction);
[[nodiscard]] bool is_balance_valid() const;

private:
std::string m_account_holder_name;
long m_balance = 0;
std::vector<Transaction> m_transactions;

};



Use verb + object
calulate_user_id, get_user_name

Boolean functions with prefixes like
is_, has_, can_, should_

Consistent wording
E.g. always use get_ to get something

// Functions
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Name side effects
update_→ changing something

As long as needed, as short as possible
do_calculate_function→ calculate

Use domain language
adjust_total_price_by_factor →

apply_discount

Consistent language and style 
snake_case, camelCase, 
PascalCase



Strong Types



// Strong Types
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double calculate_speed(const double distance, const double time)
{

return distance / time;
}

const double speed = calculate_speed(200.0, 10.0);



// Strong Types
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double calculate_speed(const double distance, const double time)
{

return distance / time;
}

const double speed_in_metre_per_second = calculate_speed(200.0, 10.0);



// Strong Types
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double calculate_speed(const double distance, const double time)
{

return distance / time;
}

const double speed_in_metre_per_second = calculate_speed(10.0, 200.0);



struct DistanceAndTime
{

double distance = 0.0;
double time = 0.0;

};

double calculate_speed(const DistanceAndTime& distance_and_time)
{

return distance_and_time.distance / distance_and_time.time;
}

// Strong Types
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struct DistanceAndTime
{

double distance = 0.0;
double time = 0.0;

};

double calculate_speed(const DistanceAndTime& distance_and_time)
{

const auto [distance, time] = distance_and_time;
return distance / time;

}

// Strong Types
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const double speed = calculate_speed({ .distance = 100.0, .time = 10.0 });



// Strong Types
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using metre = double;
using second = double;
using metres_per_second = double;

metres_per_second calculate_speed(const metre distance, const second time)
{

return distance / time;
}



// Strong Types
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const auto speed = calculate_speed(100.0, 10.0);

using metre = double;
using second = double;
using metres_per_second = double;

metres_per_second calculate_speed(const metre distance, const second time)
{

return distance / time;
}



// Strong Types
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const metres_per_second speed = calculate_speed(metre{ 100.0 }, second{ 10.0 });

using metre = double;
using second = double;
using metres_per_second = double;

metres_per_second calculate_speed(const metre distance, const second time)
{

return distance / time;
}



// Strong Types
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const metre speed = calculate_speed(second{ 100.0 }, metres_per_second{ 10.0 });

using metre = double;
using second = double;
using metres_per_second = double;

metres_per_second calculate_speed(const metre distance, const second time)
{

return distance / time;
}



// Strong Types
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struct metre { double value = 0.0; };
struct second { double value = 0.0; };
struct metres_per_second { double value = 0.0; };

metres_per_second calculate_speed(const metre distance, const second time)
{

return distance / time;
}

const metres_per_second speed = calculate_speed(metre{ 100.0 }, second{ 10.0 });



// Strong Types
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struct metre { double value = 0.0; };
struct second { double value = 0.0; };
struct metres_per_second { double value = 0.0; };

metres_per_second operator/(const metre distance, const second time)
{

return metres_per_second{ distance.value / time.value };
}

metres_per_second calculate_speed(const metre distance, const second time)
{

return distance / time;
}

const metres_per_second speed = calculate_speed(metre{ 100.0 }, second{ 10.0 });



// Strong Types
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#include <mp-units/systems/si/si.h>

using namespace mp_units;
using namespace mp_units::si::unit_symbols;

constexpr auto metres_per_second = si::metre / si::second;

quantity<metres_per_second> calculate_speed(
const quantity<si::metre> distance, const quantity<si::second> time)

{
return distance / time;

}

const quantity<metres_per_second> speed = calculate_speed(100.0 * m, 10.0 * s);



// Strong Types

strong types:
boost strong typedef
type_safe by Jonathan Müller
NamedType by Jonathan Boccara

units:
mp_units by Mateusz Pusz
boost units
Au units by Aurora
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PSsst by Peter Sommerlad
strong_type by Björn Fahler
strong_typedef by Anthony Williams

https://www.boost.org/doc/libs/latest/libs/serialization/doc/strong_typedef.html
https://github.com/foonathan/type_safe
https://github.com/joboccara/NamedType
https://github.com/joboccara/NamedType
https://github.com/mpusz/mp-units
https://www.boost.org/doc/libs/latest/doc/html/boost_units/Units.html
https://github.com/aurora-opensource/au
https://github.com/PeterSommerlad/PSsst
https://github.com/rollbear/strong_type/
https://github.com/anthonywilliams/strong_typedef


// Strong Types

Prevent mix up of parameters

Self documenting interfaces

Checks at the type itself

Less implicit conversions

Libraries support available
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Organising



...
// calculate variance
const auto variance_sum =

std::ranges::fold_left(nums, 0.0, 
[mean](const double acc, const double x) {

return acc + (x - mean) * (x - mean);
});

const double variance = variance_sum / 
(nums.size() - 1);

// calculate stddev
const double stddev = std::sqrt(variance);

// print statistics
std::print("Count: {}\n", nums.size());
std::print("Sum: {}\n", sum);
std::print("Mean: {}\n", mean);
std::print("Variance: {}\n", variance);
std::print("Stddev: {}\n", stddev);
std::print("Min: {}\n", min_val);
std::print("Max: {}\n", max_val);

}

void analyze(const std::span<const double> nums)
{

if (nums.empty()) return;

double sum = 0;
double min_val = nums[0];
double max_val = nums[0];
for (size_t i = 0; i < nums.size(); i++)
{

// calculate sum
sum += nums[i];

// calculate min
if (nums[i] < min_val) min_val = nums[i];

// calculate max
if (nums[i] > max_val) max_val = nums[i];

}

// calculate mean
const double mean = sum / nums.size();

...

// Organising
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// Organising
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double calculate_sum(
const std::span<const double> nums) {
return std::ranges::fold_left(

nums, 0.0, std::plus{});
}

double calculate_mean(
const std::span<const double> nums) {
return calculate_sum(nums) / nums.size();

}

double calculate_variance(
const std::span<const double> nums) {
const double mean = calculate_mean(nums);
const auto variance_sum = 

std::ranges::fold_left(nums, 0.0, 
[mean](const double acc, const double x) {
return acc + (x - mean) * (x - mean);
});

return variance_sum / (nums.size() - 1);
}

double calculate_stddev(
const std::span<const double> nums) {
return std::sqrt(calculate_variance(nums));

}

void print_statistics(
const std::span<const double> nums) {
std::print("Count: {}\n", nums.size());
std::print("Sum: {}\n", calculate_sum(nums));
std::print("Mean: {}\n", calculate_mean(nums));
std::print("Variance: {}\n",

calculate_variance(nums));
std::print("Stddev: {}\n",

calculate_stddev(nums));
std::print("Min: {}\n", std::ranges::min(nums));
std::print("Max: {}\n", std::ranges::max(nums));

}



// Organising
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const double mean = calculate_mean(nums);

const double variance_sum = std::ranges::fold_left(nums, 0.0, 
[mean](const double acc, const double x) {

return acc + (x - mean) * (x - mean);
});

const double variance = variance_sum / (nums.size() - 1);

const double stddev = std::sqrt(variance);



// Organising
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const double mean = calculate_mean(nums);
const double variance = calculate_variance(mean, nums);
const double stddev = std::sqrt(variance);



// Organising
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void draw_line(const double x1, const double y1, const double x2, const double y2)
{

...
}

struct Point
{

double x;
double y;

};

void draw_line(const Point& point1, const Point& point2)
{

...
}



// Organising
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start_game(Mode::debug, Logging::enable, GodMode::disable);

start_game(true, true, false);



// Organising
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void process(const int x) {
if (x > 0) {

if (x < 100) {
if (x % 2 == 0) {

std::cout << "valid\n";
}

}
}

}

void process(const int x) {
if (x <= 0) return;
if (x >= 100) return;
if (x % 2 != 0) return;

std::cout << "valid\n";
}



// Organising

Limit the number of lines in functions

Limit number of parameters to ~ 3

Keep nesting depth to max 3

Keep one layer of abstraction

Use refactoring tools
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Unit Tests



// Unit Tests
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https://youtu.be/cfh6ZrA19r4?si=lHNm9u_7RIMnywpS


// Unit Tests

• MethodName_StateUnderTest_ExpectedBehavior
CalculateMean_EmptyInput_ThrowsException

• Given_When_Then
GivenEmptyInput_WhenCalculatingMean_ThenThrowsException

• Should_ExpectedBehavior_When_State
ShouldThrowException_WhenInputIsEmpty

• Descriptive Sentence
test_calculate_mean_throws_exception_for_empty_input
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// Unit Tests
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TEST(calculate_mean, returns_mean_when_input_is_not_empty)
{

EXPECT_DOUBLE_EQ(calculate_mean({ 1., 2., 3., 4., 5. }), 3.);
}



// Unit Tests
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TEST(calculate_mean, returns_the_unexpected_value_when_input_is_empty)
{

EXPECT_EQ(calculate_mean({}).error().what(), "Input must not be empty");
}

TEST(calculate_mean, throws_exception_when_input_is_empty)
{

EXPECT_THROW(calculate_mean({}), std::runtime_error);
}

TEST(calculate_mean, returns_zero_when_input_is_empty)
{

EXPECT_EQ(calculate_mean({}), 0.0);
}



Language 
Features



// Language Features
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Source: https://www.cppreference.com/



// Language Features
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double calculate_variance(const std::span<const double> nums)
{

const double mean = calculate_mean(nums);
const double variance_sum = 

std::ranges::fold_left(nums, 0.0, [mean](const double acc, const double x) {
return acc + (x - mean) * (x - mean);

});

return variance_sum / (nums.size() - 1);
}



// Language Features
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template <typename T> requires std::ranges::random_access_range<T>
auto median(T& range)
{

...
}

template <std::ranges::random_access_range T>
auto median(T& range)
{

...
}

auto median(std::ranges::random_access_range auto& range)
{

...
}



// Language Features
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double calculate_mean(const std::span<const double> nums)
{

if (nums.empty()) throw std::invalid_argument("Input must not be empty");

const auto mean = calculate_sum(nums) / nums.size();

if (mean >= std::ranges::min(nums)) std::terminate();

return mean;
}



// Language Features
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double calculate_mean(const std::span<const double> nums)
{

Expects(!nums.empty());

const auto mean = calculate_sum(nums) / nums.size();

Ensures(mean >= std::ranges::min(nums));

return mean;
}



// Language Features
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double calculate_mean(const std::span<const double> nums)
pre (!nums.empty());
post (mean: mean >= std::ranges::min(nums))



// Language Features
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https://youtu.be/u73ZB_vml_c?si=BZtszw-AOK6URit3


// Language Features

Standard libraries are part of the language

(almost) always const

Concepts for compile time validations of template parameters  

Contracts for pre and post conditions
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Comments



// Comments
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// increment i by 1
++i; Redundant documentation

// calculate the mean of the input
const auto median = calculate_median(input); Outdated documentation

// TODO: fix later
workaround(); TODOs in code are often forgotten

// Here be dragons
calculate(); Jokes or insider comments



// Comments
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// stable_sort to preserve the sorting of width for equal length
ranges::stable_sort(rectangles, less{}, &rectangle::length); “Why” comment

// Workaround for GCC bug #12345: use explicit cast
const auto value = static_cast<int>(input); Documentation of workarounds

// Premium customers get a discount
const auto new_price = is_premium ? price * 0.9 : price; Non-obvious internal logic

// ReSharper disable once CppLocalVariableMayBeConst

auto short_generator = std::uniform_int_distribution<short>(‘a’, ‘z’);

Disable static analysis warning



// Comments
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def hankel(c, r=None):
"""
Construct a Hankel matrix.

The Hankel matrix has constant anti-diagonals, with `c` as its ...

Explain complex calculations

// Specialised for 3x3 matrix
auto solve(const auto a, const auto b); Specialised code

def round(a, decimals=0, out=None):
"""
Evenly round to the given number of decimals.
Parameters
----------
a : array_like

Input data. ...

Document external APIs



Enforcement



// Enforcement
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Summary



// Summary

• Good and descriptive names for variables and functions
• Strong types for improved readability and safety
• Consistent code structure, supported by tools
• Unit tests are documentation too
• Language features and standard library improve readability
• Comment when clarification is needed
• Code reviews to ensure readability
• Be consistent but not too dogmatic  
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//////////////////////////////////////////////////////////////////////////////////////

/* Thank you!
Questions? */

Tina Ulbrich
@tinaul@mastodon.social

@tinaul.bsky.social

tinaul
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