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Abstract

    Why should we be concerned with symmetry? Symmetry is fascinating to the human mind and 
everyone likes objects or patterns that are in some way symmetrical. It is an interesting fact that 
nature often exhibits certain kinds of symmetry in the objects and phenomena in our Universe. 


    We have, in our minds, a tendency to accept symmetry as some kind of perfection. Yet it so often 
eludes us… 


    Let’s look at code and see what interesting properties emerge from various kinds of symmetries. 
A quest for the ‘Character of Code’, following Richard Feynman’s awe-inspiring take on physical 
laws.


    We'll be looking to identify patterns in code, interested to see when such patterns exhibit some 
sort of symmetry that is advantageous in some way for reliability, performance, maintenance and 
discoverability. 





Symmetry



In fact, it is like the old idea of ancient Greeks that circles were perfect, 
and it was rather horrible for them to believe that the planetary orbits were 
not circles, but only nearly circles.
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Chirality

(left-handed) Neptunea angulata | (right-handed) Neptunea despecta

rotation of plane polarized light by chiral substances



youtube.com/watch?v=kEx-gRfuhhk

Richard Feynman - The Character of Physical Law (1964)

https://www.youtube.com/watch?v=kEx-gRfuhhk
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Symmetry in Physical Laws

Richard Feynman - The Character of Physical Law

Part 4: Symmetry in Physical Laws

youtube.com/watch?v=tGsYbK-Chkg

https://www.youtube.com/watch?v=tGsYbK-Chkg
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Symmetry beyond geometry

Symmetry goes way beyond simple geometrical shapes & patterns.


Symmetry is not just about observing the properties of objects, but 
also for transformations: 

- what can you do to a symmetrical object so it can "looks" the 

same


He’s the first mathematician to study symmetry for non-geometric 
entities (eg. equations, functions, polynomials, groups).

ted.com/talks/marcus_du_sautoy_symmetry_reality_s_riddle

https://www.ted.com/talks/marcus_du_sautoy_symmetry_reality_s_riddle
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Slide Title

ted.com/talks/murray_gell_mann

"Are elegant equations more likely 
to be right than inelegant ones?"


“Beauty is a very successful 
criterion for choosing the right 
theory”

p+

https://www.ted.com/talks/murray_gell_mann_beauty_truth_and_physics
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Agenda

3 stories of (a)symmetry
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The Shape of A Program

youtube.com/watch?v=QFIOE1jKv30

https://www.youtube.com/watch?v=QFIOE1jKv30
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The Shape of A Program

youtube.com/watch?v=QFIOE1jKv30

https://www.youtube.com/watch?v=QFIOE1jKv30
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Cyclomatic Complexity

int func() 
{ 
if (c1()) 
  f1(); 
else 
  f2(); 

if (c2()) 
  f3(); 
else 
  f4(); 

}

wikipedia.org/wiki/Cyclomatic_complexity

https://en.wikipedia.org/wiki/Cyclomatic_complexity
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Shapes of Code

fluentcpp.com/2020/01/14/the-shapes-of-code/

The saw

https://www.fluentcpp.com/2020/01/14/the-shapes-of-code/
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Shapes of Code

fluentcpp.com/2020/01/14/the-shapes-of-code/

The paragraphs

https://www.fluentcpp.com/2020/01/14/the-shapes-of-code/
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Shapes of Code

fluentcpp.com/2020/01/14/the-shapes-of-code/

The paragraphs with headers

https://www.fluentcpp.com/2020/01/14/the-shapes-of-code/
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Shapes of Code

fluentcpp.com/2020/01/14/the-shapes-of-code/

The unbalanced `if` blocks

https://www.fluentcpp.com/2020/01/14/the-shapes-of-code/
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The Shape of A Program

youtube.com/watch?v=P2lxGnbDkDI

https://www.youtube.com/watch?v=P2lxGnbDkDI
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Program Complexity ?
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Program Complexity ?
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Reduce Complexity

Flatten, using guards

➡
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Guard Pattern

/// e.g., "my_key: 123" 
pub fn key_num<'a>(item: &'a str) → Result<(&'a str, i32) > { 
  if let Some((key, val)) = item split_once(':') { 
    if let Ok(val) = val.trim().parse::<i32>() { 
      Ok((key, val)) 
    } else { 
      Err(Error::Static("Can't parse integer")) 
   } 
  } else { 
    Err(Error::Static("Invalid format")) 
  } 
}
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Guard Pattern

/// e.g., "my_key: 123" 
pub fn key_num<'a>(item: &'a str) → Result<(&'a str, i32) > { 
  let Some((key, val)) = item split_once(':') else { 
    return Err(Error::Static("Invalid format")); 
  }; 

  let Ok(val) = val.trim().parse::<i32>() else { 
    return Err(Error::Static("Can't parse integer")); 
  }; 

  Ok((key, val)) 
}
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Guard Pattern

func getMeaningOfLife() -> Int? { 
  42 
} 

func printMeaningOfLife() { 
  if let name = getMeaningOfLife() { 
    print(name) 
  } 
}
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Guard Pattern

func printMeaningOfLife() { 
  guard let name = getMeaningOfLife() else { 
    return 
  } 

  print(name) 
}





Code that is left-leaning is fast 
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Left Leaning ⬅

youtube.com/watch?v=FJJTYQYB1JQ

https://www.youtube.com/watch?v=FJJTYQYB1JQ


2024  Victor Ciura  |  @ciura_victor  -  Symmetry in Code 31

Left Leaning ⬅

“Code that is left-leaning is fast”  
- Andrei Alexandrescu

Position in the middle of the array - but differently if we have odd or even number of elements.


But there is no `if` statement!


Integrating the conditional within the arithmetic, to avoid branching - no jumps!


auto right = first + 1 + (size & 1); if (size & 1) right++;🚫
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= SUPER ASYMMETRY ?
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Is this symmetrical?

=
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Is this symmetrical?

==
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Is this symmetrical?

<=>
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Strict weak ordering

Irreflexivity ∀ a, comp(a,a)==false

Antisymmetry ∀ a, b, if comp(a,b)==true => comp(b,a)==false

Transitivity ∀ a, b, c, if comp(a,b)==true and comp(b,c)==true 
=> comp(a,c)==true

Transitivity of 
equivalence

∀ a, b, c, if equiv(a,b)==true and equiv(b,c)==true 
=> equiv(a,c)==true

where:


equiv(a,b) : comp(a,b)==false && comp(b,a)==false
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Concept: Strict weak ordering

cppreference.com/w/cpp/concepts/strict_weak_order

https://en.cppreference.com/w/cpp/concepts/strict_weak_order
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EqualityComparable

cppreference.com/w/cpp/named_req/EqualityComparable

wikipedia.org/wiki/Equivalence_relation

Reflexivity ∀ a, (a == a)==true

Symmetry ∀ a, b, if (a == b)==true => (b == a)==true

Transitivity ∀ a, b, c, if (a == b)==true and (b == c)==true 
=> (a == c)==true

The type must work with  operator==  and the result should have standard semantics.

https://en.cppreference.com/w/cpp/named_req/EqualityComparable
https://en.wikipedia.org/wiki/Equivalence_relation
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Concept: EqualityComparable

cppreference.com/w/cpp/concepts/equality_comparable

wikipedia.org/wiki/Equivalence_relation

template< class T, class U > 
concept __WeaklyEqualityComparableWith = 
  requires(const std::remove_reference_t<T>& t, 
           const std::remove_reference_t<U>& u) { 
    { t == u } -> boolean-testable; 
    { t != u } -> boolean-testable; 
    { u == t } -> boolean-testable; 
    { u != t } -> boolean-testable; 
  }; 

template< class T > 
concept equality_comparable = __WeaklyEqualityComparableWith<T, T>;

https://en.cppreference.com/w/cpp/concepts/equality_comparable
https://en.wikipedia.org/wiki/Equivalence_relation
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Regular

EqualityComparable

SemiRegular {

+

DefaultConstructible, MoveConstructible, CopyConstructible

MoveAssignable, CopyAssignable, Swappable 

Destructible

(aka "Stepanov Regular")

}
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Concept: Regular

template <class T>
concept regular = std::semiregular<T> && 
                  std::equality_comparable<T>;

template< class T, class U > 
concept __WeaklyEqualityComparableWith = 
  requires(const std::remove_reference_t<T>& t, 
           const std::remove_reference_t<U>& u) { 
    { t == u } -> boolean-testable; 
    { t != u } -> boolean-testable; 
    { u == t } -> boolean-testable; 
    { u != t } -> boolean-testable; 
  }; 

template< class T > 
concept equality_comparable = __WeaklyEqualityComparableWith<T, T>;

cppreference.com/w/cpp/concepts/regular

https://en.cppreference.com/w/cpp/concepts/regular
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==

Defining equality for types is hard 🤕
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#define Equality

Stepanov proposes the following definition:


Two objects are equal if their corresponding parts are equal (applied recursively), 

including remote parts (but not comparing their addresses), excluding inessential 

components, and excluding components which identify related objects.

stepanovpapers.com/DeSt98.pdf

〝

😓

http://stepanovpapers.com/DeSt98.pdf


2024  Victor Ciura  |  @ciura_victor  -  Symmetry in Code 43

#define Equality

Stepanov proposes the following definition:


Two objects are equal if their corresponding parts are equal (applied recursively), 

including remote parts (but not comparing their addresses), excluding inessential 

components, and excluding components which identify related objects.

stepanovpapers.com/DeSt98.pdf

〝

😓

“although it still leaves 
room for judgement”

http://stepanovpapers.com/DeSt98.pdf
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Three-way comparison

operator <=>

🛸
C++20

Bringing consistent comparison operations...

(a <=> b) <  0  if  a < b
(a <=> b) >  0  if  a > b
(a <=> b) == 0  if  a and b are equal/equivalent
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Three-way comparison

🛸 operator <=>The comparison categories for:

It's all about relation strength
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Three-way comparison

🛸
operator<=>

operator!=

operator==

Efficiency ?

Convenience

The problem: implement <=> optimally for "wrapper" types

struct S {
  vector<string> names;
  auto operator<=>(S const&) const = default;
};

<, <=, >, >= synthesized from operator<=> 

!=  synthesized from operator==

wg21.link/P1185

http://wg21.link/P1185
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<=>

template<typename T> 
strong_ordering operator<=>(vector<T> const& lhs, vector<T> const& rhs)  
{ 
    size_t min_size = min(lhs.size(), rhs.size()); 

    for (size_t i = 0; i != min_size; ++i)  
    { 
        if (auto const cmp = compare_3way(lhs[i], rhs[i]); cmp != 0) { 
            return cmp; 
        } 
    } 

    return lhs.size() <=> rhs.size(); 
}
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<=>

template<typename T> 
bool operator==(vector<T> const& lhs, vector<T> const& rhs) 
{ 
    // short-circuit on size early 
    const size_t size = lhs.size(); 
    if (size != rhs.size()) { 
        return false; 
    } 

    for (size_t i = 0; i != size; ++i) { 
        // use ==, not <=>, in all nested comparisons 
        if (lhs[i] != rhs[i]) { 
            return false; 
        } 
    } 

    return true; 
}
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Slide Title

🙄 Real life code is much simpler & clear  
than this nonsense!
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Slide Title

🙄 Real life code is much simpler & clear  
than this nonsense!
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Slide Title Quiz Time
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Move fast & break things

class MyString 
{ 
private: 
    char* m_Data; 

public: 
    MyString(const char* str); 
    ~MyString(); 

    bool operator==(const char* str) const; 
    bool operator!=(const char* str) const; 

    operator const char*() const; 
};

MyString str1("Hello"); 
if ("Hello" == str1) 
  puts("equal");  
else 
  puts("NOT equal");Names have been changed to protect the innocent 😁 

/std:c++20
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Move fast & break things

class MyString 
{ 
private: 
    char* m_Data; 

public: 
    MyString(const char* str); 
    ~MyString(); 

    bool operator==(const char* str) const; 
    bool operator!=(const char* str) const; 

    operator const char*() const; 
};

MyString str1("Hello"); 
if ("Hello" == str1) 
  puts("equal");  
else 
  puts("NOT equal");Names have been changed to protect the innocent 😁 

/std:c++20

🔥
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Move fast & break things

class MyString 
{ 
private: 
    char* m_Data; 

public: 
    MyString(const char* str); 
    ~MyString(); 

    bool operator==(const char* str) const; 
    bool operator!=(const char* str) const; 

    operator const char*() const; 
};

MyString str1("Hello"); 
if ("Hello" == str1) 
  puts("equal");  
else 
  puts("NOT equal");
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Move fast & break things

class MyString 
{ 
private: 
    char* m_Data; 

public: 
    MyString(const char* str); 
    ~MyString(); 

    bool operator==(const char* str) const; 
    bool operator!=(const char* str) const; 

  //operator const char*() const; 
};

  MyString str1("Hello"); 
//if ("Hello" == str1) 
  if (str1 == "Hello") 
    puts("equal");  
  else 
    puts("NOT equal");
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Move fast & break things

class MyString 
{ 
private: 
    char* m_Data; 

public: 
    MyString(const char* str); 
    ~MyString(); 

    bool operator==(const char* str) const; 
    bool operator!=(const char* str) const; 

    operator const char*() const; 
};

MyString str1("Hello"); 
if ("Hello" == str1) 
  puts("equal");  
else 
  puts("NOT equal");
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Move fast & break things

class MyString 
{ 
private: 
    char* m_Data; 

public: 
    MyString(const char* str); 
    ~MyString(); 

    bool operator==(const char* str) const; 
  //bool operator!=(const char* str) const; 

    operator const char*() const; 
};

MyString str1("Hello"); 
if ("Hello" == str1) 
  puts("equal");  
else 
  puts("NOT equal");

🤯
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Let's go back...

class MyString 
{ 
private: 
    char* m_Data; 

public: 
    MyString(const char* str); 
    ~MyString(); 

    bool operator==(const char* str) const; 
    bool operator!=(const char* str) const; 

    operator const char*() const; 
};

MyString str1("Hello"); 
if ("Hello" == str1) 
  puts("equal");  
else 
  puts("NOT equal");
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Let's go back...

class MyString 
{ 
private: 
    char* m_Data; 

public: 
    MyString(const char* str); 
    ~MyString(); 

    bool operator==(const char* str) const; 
    bool operator!=(const char* str) const; 

    explicit operator const char*() const; 
};

MyString str1("Hello"); 
if ("Hello" == str1) 
  puts("equal");  
else 
  puts("NOT equal");

🤔
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Let's go back...
... 
    bool operator==(const char* str) const; 
    bool operator!=(const char* str) const; 

    explicit operator const char*() const; 
};
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Let's go back...
... 
    bool operator==(const char* str) const; 
    bool operator!=(const char* str) const; 

    explicit operator const char*() const; 
};

ERROR: 'bool MyString::operator ==(const char *) const': rewritten candidate 
function was excluded from overload resolution because a corresponding operator!= 
declared in the same scope 

could be 'bool MyString::operator ==(const char *) const'  
[synthesized expression 'y == x'] 

'bool MyString::operator ==(const char *) const': rewritten candidate function was 
excluded from overload resolution because a corresponding operator!= declared in 
the same scope 
or       'built-in C++ operator==(const char [6], const char [6])' 
'==': cannot convert argument 2 from 'MyString' to 'const char [6]' 
or       'built-in C++ operator==(const char *, const char *)' 
'==': cannot convert argument 2 from 'MyString' to 'const char *'
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C++ 20 Equality

This is expected after the compilers implemented P2468R2 

The Equality Operator You Are Looking For (2022)

"This paper details some changes to make rewriting equality in expressions 
less of a breaking change" 😁

https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2468r2.html
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C++ 20 Equality

This is expected after the compilers implemented P2468R2 

The Equality Operator You Are Looking For (2022)

"This paper details some changes to make rewriting equality in expressions 
less of a breaking change" 😁

In C++20, the presence of the operator!= instructs the compiler to suppress 
operator rewriting since the intention is to keep C++17 code compiling.  


In C++17 mode, the code would have produced exactly the same result.

https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2468r2.html


2024  Victor Ciura  |  @ciura_victor  -  Symmetry in Code 60

C++ 20 Equality

To fix the issue, consider making the operator const char*() explicit 


and removing the operator!= to make the code more C++20 friendly
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C++ 20 Equality

class MyString 
{ 
private: 
    char* m_Data; 

public: 
    MyString(const char* str); 
    ~MyString(); 

    bool operator==(const char* str) const; 
    bool operator!=(const char* str) const; 
    explicit operator const char*() const; 
}; MyString str1("Hello"); 

if ("Hello" == str1) 
  puts("equal");  
else 
  puts("NOT equal");
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Slide Title
Ship it!
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Be Deliberate

Incidental vs. deliberate symmetry
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Should We Care?

We should be looking to identify patterns in code, 

to see when such constructs exhibit some sort of symmetry  
that is advantageous in some way for: 


reliability

performance

maintenance/extensibility

discoverability
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One more thing (++)

i++ 

overused


nonsensical


imbalanced

credit: probably Ólafur Waage

i-=-1 

hipster


expressive


symmetric

Incrementing variables in for-loops:
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