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BLACK
or

WHITE
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Number sense in infancy predicts mathematical abilities in childhood, Ariel Starr et al. 2023
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The camel has two humps, Richard Bornat t al., 2008
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The camel has two humps, Richard Bornat t al., 2008
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Evidence that Computer Science Grades are not Bimodal, Elizabeth Patitsas et al., 2020

85%
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THERE IS NO GEEK GENE.  Everybody 
can learn programming.
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if ([[person age] isBetween:12 and:18]) {
    [ticket applyDiscount:20 in: percent];
}
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Relating Natural Language Aptitude to Individual Differences in Learning Programming Languages, Chantel S. Prat et al. 2020
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Language skills

Math skillsFluid reasoning

Relating Natural Language Aptitude to Individual Differences in Learning Programming Languages, Chantel S. Prat et al. 2020

What explains how 
fast we learn to 
program?
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Understanding understanding source code with functional magnetic resonance imaging, Janet Siegmund et al. 2014

BA6
attention 
silent word reading 
working memory
problem solving

BA 47
silent word reading
problem solving

BA 44
working memory

BA 40
working memory
problem solving

BA 21
semantic memory
categorization
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Language skills

Working memory
Fluid reasoning

Relating Natural Language Aptitude to Individual Differences in Learning Programming Languages, Chantel S. Prat et al. 2020

What explains how 
well we program?
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Computer code comprehension shares neural resources with formal logical inference in the fronto-parietal network,
 Yun-Fei Liu et al. 2020

MathLogic

Language

Coding CES
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Crystallized Intelligence
● Procedures
● Schemes
● Knowledge Fluid Intelligence 

● Abstract reasoning
● Analogical ability
● Spatial reasoning
● Problem-solving
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Language

+
Working memory

+
Fluid Intelligence

=

Programming
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Measuring code comprehension effort using code reading pattern, Sayani Mondal et al., 2022
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auto binary_search(auto const& range, auto const& value){
    auto high = range.size();
    decltype(high) low = 0;

    while (low < high) {
        auto middle = low + (high - low) / 2;
        if (range[middle] < value) {
            low = middle + 1;
        } else {
            high = middle;
        }
    }
    return low;
}

Towards a theory of the comprehension of computer programs, Ruven Brooks, 1981
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auto binary_search(auto const& range, auto const& value){
    auto high = range.size();
    decltype(high) low = 0;

    while (low < high) {
        auto middle = low + (high - low) / 2;
        if (range[middle] < value) {
            low = middle + 1;
        } else {
            high = middle;
        }
    }
    return low;
}
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(1)   auto first = span.front();
(2)   auto high = range.size();
(3)   auto middle = low + (high - low) / 2;
(4)   auto min = iter;
(5)   decltype(high) low = 0;
(6)   high = middle;
(7)   if (*next < *min)
(8)   if (i != last_index)
(9)   if (range[middle] < value) {
(10)  low = middle + 1;
(11)  return low;
(12)  while (low < high) {
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Beacons in computer program comprehension, Susan Wiedenbeck, 1986
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What are the differences between long-term, short-term, and working memory?, Nelson Cowan, 2008

Short-term memory
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What are the differences between long-term, short-term, and working memory?, Nelson Cowan, 2008

Short-term memory
Processing+                                   = Working memory
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auto process(auto text, auto pattern, auto callback) {
  auto pattern_size = pattern.size();
  auto pattern_hash = Hash{pattern};
  auto last_index = text.size() - pattern_size;

  auto text_hash = Hash{text.substr(0, pattern_size)};

  for (auto i = 0zu; i <= last_index; ++i) {
    if (pattern_hash == text_hash) 
      if (pattern == text.substr(i, pattern_size)) 
        callback(i);      
 
    if (i != last_index)
      text_hash.update(text[i + pattern_size]);
  }
}

1
2
3

4

5

6
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The Magical Number Seven, Plus or Minus Two: Some Limits on Our Capacity for Processing Information, George A. Miller, 1956
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if (pattern_hash == text_hash) 
  if (pattern == text.substr(i, pattern_size))
    callback(i); Callback if match

Chunking
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What are the differences between long-term, short-term, and working memory?, Nelson Cowan, 2008

Short-term memory Long-term memory



 Beginner's mind, expert's mind 42Dawid Zalewski

Cat’s lives
Soccer team
Tricycle
Angry men
Unicorn
Lucky number

Six pack
Octopus
Hand
Bowling pins
Couple
Four-leaf clover
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Cat’s lives
Soccer team
Tricycle
Angry men
Unicorn
Lucky number

Six pack
Octopus
Hand
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(9)  Cat’s lives
(11) Soccer team
(3)  Tricycle
(12) Angry men
(1)   Unicorn
(7)   Lucky number

(6)   Six pack
(8)   Octopus
(5)   Hand
(10) Bowling pins
(2)   Couple
(4)   Four-leaf clover
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(1) Unicorn
(2) Couple
(3) Tricycle
(4) Four-leaf clover
(5) Hand
(6) Six pack

(7)  Lucky number
(8)  Octopus
(9)  Cat’s lives
(10) Bowling pins
(11) Soccer team
(12) Angry men
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Knowledge Organization and Skill Differences in Computer Programmers, Judith S. Reitman et al., 1981
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The 
Scheveningen Variation 
of the Sicilian Defence
followed by 
the Keres attack
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for (auto i = 0; i <        ; ++i) {
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auto process(auto text, auto pattern, auto callback) {
  auto pattern_size = pattern.size();
  auto pattern_hash = Hash{pattern};
  auto last_index = text.size() - pattern_size;

  auto text_hash = Hash{text.substr(0, pattern_size)};

  for (auto i = 0uz; i <= last_index; ++i) {
    if (pattern_hash == text_hash) 
      if (pattern == text.substr(i, pattern_size)) 
        callback(i);      
 
    if (i != last_index)
      text_hash.update(text[i + pattern_size]);
  }
}
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auto process(auto text, auto pattern, auto callback) {
  auto pattern_size = pattern.size();
  auto pattern_hash = Hash{pattern};
  auto last_index = text.size() - pattern_size;

  auto text_hash = Hash{text.substr(0, pattern_size)};

  for (auto i = 0uz; i <= last_index; ++i) {
    if (pattern_hash == text_hash) 
      if (pattern == text.substr(i, pattern_size)) 
        callback(i);      
 
    if (i != last_index)
      text_hash.update(text[i + pattern_size]);
  }
}

Haystack & Needle                         Callback function

Lots of local variables

Text hash

For-i loop
If statement with hash and text comparison

If true callback invoked with index

         hash update

with a weird upper bound

Strange
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              auto pattern_size = pattern.size();
              auto pattern_hash = Hash{pattern};
              auto last_index = text.size() - pattern_size;
              auto text_hash = Hash{text.substr(0, pattern_size)};

              IF STATEMENT ->  callback(i);
              
              UPDATE OF text_hash

VARIABLES

FOR LOOP

              auto pattern_size = pattern.size();
              auto pattern_hash = Hash{pattern};
              auto last_index = text.size() - pattern_size;
              auto text_hash = Hash{text.substr(0, pattern_size)};

              IF STATEMENT ->  callback(i);
              
              UPDATE OF text_hash

Knowledge Organization and Skill Differences in Computer Programmers, Judith S. Reitman et al., 1981



 Beginner's mind, expert's mind 53Dawid Zalewski

auto pattern_size = pattern.size();
auto pattern_hash = Hash{pattern};
auto last_index = text.size() - pattern_size;
auto text_hash = Hash{text.substr(0, pattern_size)};
for (auto i = 0uz; i <= last_index; ++i)
if (pattern_hash == text_hash) 
if (pattern == text.substr(i, pattern_size)) 
callback(i);      
if (i != last_index)
text_hash.update(text[i + pattern_size]);

Knowledge Organization and Skill Differences in Computer Programmers, Judith S. Reitman et al., 1981
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constexpr auto do_a_lot = [](auto tasks, auto lock) {

  constexpr auto select = []<auto I>(auto&& tasks) {
    if constexpr (I == -1) return std::tuple{};
    else return std::make_tuple(std::get<I>(tasks));
  };

  constexpr auto completed = [](auto tasks, auto lock) {
    return [&]<std::size_t... Is>(std::index_sequence<Is...>) {
      return std::integer_sequence<int, (lock(std::get<Is>(tasks()))? int(Is): -1)...>{};
    }(std::make_index_sequence<std::tuple_size_v<decltype(tasks())>>{});
  };

  return [&]<int... Is>(std::integer_sequence<int, Is...>) {
    return std::tuple_cat(select. template operator()<Is>(tasks())...);
  }(completed(tasks, lock));
};
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constexpr auto do_a_lot = [](auto tasks, auto lock) {

  constexpr auto select = []<auto I>(auto&& tasks) {
    if constexpr (I == -1) return std::tuple{};
    else return std::make_tuple(std::get<I>(tasks));
  };

  constexpr auto completed = [](auto tasks, auto lock) {
    return [&]<std::size_t... Is>(std::index_sequence<Is...>) {
      return std::integer_sequence<int, (lock(std::get<Is>(tasks()))? int(Is): -1)...>{};
    }(std::make_index_sequence<std::tuple_size_v<decltype(input())>>{});
  };

  return [&]<int... Is>(std::integer_sequence<int, Is...>) {
    return std::tuple_cat(select. template operator()<Is>(tasks())...);
  }(completed(tasks, lock));
};

Bottom

Up
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A conceptual model of cognitive complexity of elements of the programming process, SN Cant et al., 1995

abstract

concrete

completed

do_a_lot

decltype(tasks())
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Programming is like 
reading & writing prose, 

but not exactly. 

There’s also working 
memory, patterns to be 

learned and fluid 
intelligence.
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Code comprehension 
involves

Beacons—Chunking—
Plans—Abstaction lowering—

Bottom-up analysis
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constexpr auto do_a_lot = [](auto tasks, auto lock) {

  constexpr auto select = []<auto I>(auto&& tasks) {
    if constexpr (I == -1) return std::tuple{};
    else return std::make_tuple(std::get<I>(tasks));
  };

  constexpr auto completed = [](auto tasks, auto lock) {
    return [&]<std::size_t... Is>(std::index_sequence<Is...>) {
      return std::integer_sequence<int, (lock(std::get<Is>(tasks()))? int(Is): -1)...>{};
    }(std::make_index_sequence<std::tuple_size_v<decltype(input())>>{});
  };

  return [&]<int... Is>(std::integer_sequence<int, Is...>) {
    return std::tuple_cat(select. template operator()<Is>(tasks())...);
  }(completed(tasks, lock));
};
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constexpr auto filter_by = [](auto tuple, auto pred) {

  constexpr auto select_if = []<auto I>(auto&& tuple) {
    if constexpr (I == -1) return std::tuple{};
    else return std::make_tuple(std::get<I>(tuple));
  };

  constexpr auto make_mask = [](auto tuple, auto pred) {
    return [&]<std::size_t... Is>(std::index_sequence<Is...>) {
      return std::integer_sequence<int, (pred(std::get<Is>(tuple()))? int(Is): -1)...>{};
    }(std::make_index_sequence<std::tuple_size_v<decltype(tuple())>>{});
  };

  return [&]<int... Is>(std::integer_sequence<int, Is...>) {
    return std::tuple_cat(select_if. template operator()<Is>(tuple())...);
  }(make_mask(tuple, pred));
};
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How not to
RUIN YOUR PROGRAMS

from the brain’s POV

101

Theugursevinc, CC BY-SA 4.0 , via Wikimedia Commons
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Intrinsic
Difficulty of the problem
· variable tracking
· nested loops & conditions

Extraneous
External information needs
· unfamiliar functions
· side effects

Germane
Deep processing to internalize/
learn new schemas

Cognitive (over)load
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template <typename...Fs>
struct overloaded : Fs... {
  using Fs::operator()...;
};

using Variant_t = std::variant<int, double, std::string>;
std::vector<Variant_t> variants{42, 3.1415927, "There are 42 rabbits in the hat."};

for (const auto& v : variants) {
  std::print("Has answer: {}\n",
    std::visit( overloaded{
        [](int i) { return i == 42; },
        [tolerance=0.05](double d) { return std::abs(d - 42) < tolerance; },
        [](std::string_view s) { return s.contains("42") || s.contains("forty two"); }
      }, v 
    )
  );
}

intrinsic
extraneous
germane
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auto process(auto text, auto pattern, auto callback) {
  auto pattern_size = pattern.size();
  auto pattern_hash = Hash{pattern};
  auto last_index = text.size() - pattern_size;

  auto text_hash = Hash{text.substr(0, pattern_size)};

  for (auto i = 0uz; i <= last_index; ++i) {
    if (pattern_hash == text_hash) 
      if (pattern == text.substr(i, pattern_size)) 
        callback(i);      
 
    if (i != last_index)
      text_hash.update(text[i + pattern_size]);
  }
}
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auto process(auto text, auto pattern, auto callback) {
  std::size_t base = 257;
  std::size_t mod = 1000000007;
  auto text_size = text.size();
  auto pattern_size = pattern.size();
  auto pattern_hash = [&](auto hash){ for (auto c : pattern) hash = (hash * base + c) % mod; return hash; }(0uz);
  
  auto start = text.substr(0, pattern_size);
  auto text_hash = std::ranges::fold_left(start, 0uz, [](auto acc, auto c) { return (acc * base + c) % mod; });

  auto exp = std::accumulate(start.begin(), start.end(), 1uz, [](auto acc, auto c) { return (acc * base) % mod; });

  for (auto i = 0uz; i <= (text_size - pattern_size); ++i) {
    if (pattern_hash == text_hash) 
      if (pattern == text.substr(i, pattern_size)) 
        callback(i);      
 
    if (i + pattern_size != text_size){
      text_hash = (text_hash * base + text[i + pattern_size]) % mod;
      text_hash = (text_hash + mod - text[i] * exp % mod) % mod;
    }
  }
}

1
2

6
7

8

9

3
4
5

10

11

12 13

14 15



 Beginner's mind, expert's mind 66Dawid Zalewski

auto pwucyc(auto tgherx, auto pwucyc, auto c) {
  auto ps = pwucyc.size();
  auto ph = H{pwucyc};
  auto lwhcadt = tgherx.size() - ps;

  auto hhdcit = H{tgherx.substr(0, ps)};

  for (auto i = 0uz; i <= lwhcadt; ++i) {
    if (ph == hhdcit) 
      if (pwucyc == tgherx.substr(i, ps)) 
        c(i);      
 
    if (i != lwhcadt)
      hhdcit.run(r[i + ps]);
  }
}

1

2

3

4

5
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auto arrayAverage(std::array const& arr) {
  std::size_t counter = 0;
  double sum = 0;

  while (counter < arr.size()) {
    sum = sum + arr[counter];
    counter = counter + 1;
  }

  auto average = sum / counter;
  return average;
}

auto ayyaoAwyyaky(std::array const& arr) {
  std::size_t
                mgqakyy
  = 0;
  double sum = 0;

  while (mgqakyy
       < arr.size()) {
    sum =
    sum + arr[mgqakyy];
    mgqakyy
    = mgqakyy + 1;
  }

  auto average
       = sum /
       mgqakyy;
  return
       average;
}

Measuring neural efficiency of program comprehension, Janet Siegmund et al., 2017
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auto arrayAverage(std::array const& arr) {
  std::size_t counter = 0;
  double sum = 0;

  while (counter < arr.size()) {
    sum = sum + arr[counter];
    counter = counter + 1;
  }

  auto average = sum / counter;
  return average;
}

auto ayyaoAwyyaky(std::array const& arr) {
  std::size_t
                mgqakyy
  = 0;
  double sum = 0;

  while (mgqakyy
       < arr.size()) {
    sum =
    sum + arr[mgqakyy];
    mgqakyy
    = mgqakyy + 1;
  }

  auto average
       = sum /
       mgqakyy;
  return
       average;
}

Measuring neural efficiency of program comprehension, Janet Siegmund et al., 2017

4.5x
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auto process(auto text, auto pattern, auto callback) {
  auto size = pattern.size();
  auto hash = Hash{pattern};
  auto last = text.size() - pattern_size;

  auto window = Hash{text.substr(0, pattern_size)};

  for (auto i = 0uz; i <= last; ++i) {
    if (hash == window) 
      if (pattern == text.substr(i, size))
        callback(i);      
 
    if (i != last)
      window.update(text[i + size]);
  }
}
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auto process(auto text, auto pattern, auto callback) {
  auto pattern_size = pattern.size();
  auto pattern_hash = Hash{pattern};
  auto last_index = text.size() - pattern_size;

  auto text_hash = Hash{text.substr(0, pattern_size)};

  for (auto i = 0uz; i <= last_index; ++i) {
    if (pattern_hash == text_hash) 
      if (pattern == text.substr(i, pattern_size))
        callback(i);      
 
    if (i != last_index)
      text_hash.update(text[i + pattern_size]);
  }
}
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Descriptive compound identifier names improve source code comprehension, Andrea Schankin et al., 2018
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How Developers Choose Names, Dror Feitelson et al., 2021

+50%
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auto process(auto text, auto pattern, auto callback) {
  auto pattern_size = pattern.size();
  auto pattern_hash = Hash{pattern};
  auto last_index = text.size() - pattern_size;

  auto text_hash = Hash{text.substr(0, pattern_size)};
F F

  for (auto i = 0uz; i <= last_index; ++i) {
    if (pattern_hash == text_hash) 
      if (pattern == text.substr(i, pattern_size))
        callback(i);      
 
    if (i != last_index)
      text_hash.update(text[i + pattern_size]);
  }
}
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auto find_index(auto text_to_search, auto pattern, auto callback) {
  auto pattern_size = pattern.size();
  auto pattern_hash = Hash{pattern};
  auto last_index_to_check = text_to_search.size() - pattern_size;

  auto text_window_hash = 
                   RollingHash{text_to_search.substr(0, pattern_size)};

  for (auto i = 0uz; i <= last_index_to_check; ++i) {
    if (pattern_hash == text_window_hash) 
      if (pattern == text_to_search.substr(i, pattern_size)) 
        callback(i);      
 
    if (i != last_index_to_check)
      text_window_hash.update(text_to_search[i + pattern_size]);
  }
}
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camelCaseRulesTheWorld

snake_case_is_the_king
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it_doesntMatter

To camelCase or under_score, Dave Binley et al., 2009
An Eye Tracking Study on camelCase and under_score Identifier Styles, Bonita Sharif et al., 2010

maybe_just_a_little_bit
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/// @brief Search for a pattern in a text
/// @param text_to_search The text to search
/// @param pattern The pattern to search for in the text
/// @param callback A callback function called with the index of a match
/// @HELLO
auto find_index(auto text_to_search, auto pattern, auto callback) {
  
  // ... 
  
  for (auto i = 0uz; i <= last_index_to_check; ++i) {
  
    // ... 
    
    if (i != last_index_to_check)
      // updates the rolling hash by shifting the window one char to the right 
      text_window_hash.update(text_to_search[i + pattern_size]);
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/// @brief Search for a pattern in a text
/// @param text_to_search The text to search
/// @param pattern The pattern to search for in the text
/// @param callback A callback function called with the index of a match
/// @note Implements the Rabin-Karp algorithm
auto find_index(auto text_to_search, auto pattern, auto callback) {
  
  // ... 
  
  for (auto i = 0uz; i <= last_index_to_check; ++i) {
  
    // ... 
    
    if (i != last_index_to_check)
      // updates the rolling hash by shifting the window one char to the right 
      text_window_hash.update(text_to_search[i + pattern_size]);
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Two controlled experiments assessing the usefulness of design pattern documentation in program maintenance,
 Lutz Prechelt et al., 2011

Time to complete a software maintenance task / minutes

Without pattern comments

With pattern comments
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struct RollingHash {

  RollingHash(std::string_view sv);

  std::size_t update(char c);

  std::size_t hash() const;

  std::string_view str() const;

};
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struct RollingHash {

  RollingHash(std::string_view sv);

  std::size_t update(char c);

  std::size_t hash() const;

  std::string_view str() const;

};

Beacons a.k.a
Linguistic cues
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struct RollingHash {

  RollingHash(std::string_view sv);

  void shift_by(char c);

  std::pair<std::size_t, std::string_view> get_hash();

  std::size_t is_equal(std::string_view sv) const;

}; 

Linguistic
anti-patterns

Measuring the impact of lexical and structural inconsistencies on developers’ cognitive
load during bug localization, Sarah Fakhoury et al., 2020
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Measuring the impact of lexical and structural inconsistencies on developers’ cognitive load 
during bug localization, Sarah Fakhoury et al., 2020
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GOOD PROGRAMS == HAPPY BRAIN
—use familiar, expressive names (beacons)—

—keep the scope small (stm)—
—have regular structure (ltm)—

—actively use patterns (stm & ltm)—
—keep API promisses (linguistic cues & ap)

—
—useConsistentNamingConventions, 

doesnt_matter_which—
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Does Far Transfer Exist? Negative Evidence From Chess, Music, and Working Memory Training, Giovanni Sala et al., 2017
Working memory training in typically developing children: A multilevel meta-analysis, Giovanni Sala et al., 2020

(...) small to null effects are found on far-transfer 
measures (i.e., fluid intelligence, attention, 
language, and mathematics).

/* Giovanni Sala & Fernand Gobet */ 
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Investigating sex differences, cognitive effort, strategy, and performance on a computerised version of the mental rotations test 
via eye tracking, Adam J. Toth et al., 2019
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Year 1 Year 2 Year 3 Year 4 Final
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x G
PA

 Relationships between an Early-Stage Spatial Skills Test and Final CS Degree Outcomes, Jack Parkinson et al., 2021
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int main() {
  for (auto n=0; n <= 100; ++n) {
    std::print("{}: {}\n", n, *fizz_buzz(n));
  } 
}

auto fizz_buzz = make_chain (
  [](auto n) { return n % 15 == 0 ? std::optional("FizzBuzz"s) : std::nullopt; },
  [](auto n) { return n % 3 == 0 ? std::optional("Fizz"s) : std::nullopt; },
  [](auto n) { return n % 5 == 0 ? std::optional("Buzz"s) : std::nullopt; },
  [](auto n) { return std::optional(std::to_string(n)); }
);
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A conceptual model of cognitive complexity of elements of the programming process, SN Cant et al., 1995
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A conceptual model of cognitive complexity of elements of the programming process, SN Cant et al., 1995

abstract

concrete

std::optional

for... print("{}", *fizz_buzz(n));

std::optional("Fizz"s)
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for (auto n=0; n <= 100; ++n) {
  std::print("{}: {}\n", n, *fizz_buzz(n));
} 

auto fizz_buzz = make_chain (
  [](auto n) { return n % 15 == 0 ? std::optional("FizzBuzz"s) : std::nullopt; },
  [](auto n) { return n % 3 == 0 ? std::optional("Fizz"s) : std::nullopt; },
  [](auto n) { return n % 5 == 0 ? std::optional("Buzz"s) : std::nullopt; },
  [](auto n) { return std::optional(std::to_string(n)); }
);

auto make_chain = []<typename...Fs>(Fs&&...fs){
  return [...fs=std::forward<Fs>(fs)](auto&&...args) -> decltype(auto) {
    using Res_t = std::common_type_t<std::invoke_result_t<Fs, decltype(args)...>...>;
    Res_t res{};
    ((res) || ((res = std::invoke(fs, args...))  || ...));
    return res;
  };
};
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auto make_chain = []<typename...Fs>(Fs&&...fs){
  return [...fs=std::forward<Fs>(fs)](auto&&...args) -> decltype(auto) {
    using Res_t = std::common_type_t<std::invoke_result_t<Fs, decltype(args)...>...>;
    Res_t res{};
    ((res) || ((res = std::invoke(fs, args...))  || ...));
    return res;
  };
};

Making semantic waves: A key to cumulative knowledge-building, Karl Maton, 2013

abstract

concrete

auto&&...args

arg packs

args...

variadic tempaltes

foldspack expansion
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Answer First or Google First? Using the Internet in ways that Enhance, not Impair, One’s Subsequent Retention 
of Needed Information, Saskia Giebi et al., 2020

oogled first

Went the hard way +21%
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Correlates of programmer efficacy and their link to experience: a combined EEG and eye-tracking study, 
Norman Peitek et al., 2022

Code reviews

Learning

Tests

Years of Experience
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Is Programming Knowledge Related To Age?, Patrick 
Morrison et al., 2013
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auto process_buggy(auto text, auto pattern, auto callback) {
  auto pattern_size = pattern.size();  
  auto pattern_hash = Hash{pattern};
  auto last_index = text.size() - pattern_size;

  auto text_hash = Hash{text.substr(0, pattern_size)};
  
  for (auto i = 0; i <= last_index; ++i) {     
    if (pattern_hash == text_hash) {            
      if (pattern == text.substr(i, pattern_size)) {
        callback(i);
      }
    }

   if (i != last_index) {
     text_hash.update(text[i - pattern_size]);
   }    
}
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for (auto i = 0; i <= last_index; ++i) {...}     

Physical
for is a keyword

Logical
This is a for-i loop

Functional
The loop is used to shift a text window

Conceptual
Sliding-window hash-based comparison

Objective
Part of finding a pattern in a text

Expert-novice knowledge of computer programming at different levels of 
abstraction, Nong Ye et al., 2007
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Physical Logical Functional Conceptual Objective
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Expert
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or 
rat

e

4x

7x
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1.5x

Expert-novice knowledge of computer programming at different levels of 
abstraction, Nong Ye et al., 2007
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Just fine:

std::size_t last_index{...};   

for (std::size_t i = 0; i <= last_index; ++i) {}

Sematically implausible (meaning violations):

for (std::size_t i = 0; has_pink_hair(i); ++i) {}

Syntactically suspicius (grammar violations):

for (int i = 0; i <= last_index; ++i) {}
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Computer programmers show distinct, expertise-dependent brain responses to violations in 
form and meaning when reading code, Chu-Hsuan Kuo et al., 2024
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N4
00

N4
00

Computer programmers show distinct, expertise-dependent brain responses to violations in 
form and meaning when reading code, Chu-Hsuan Kuo et al., 2024
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P6
00

P6
00

Computer programmers show distinct, expertise-dependent brain responses to violations in 
form and meaning when reading code, Chu-Hsuan Kuo et al., 2024



 Beginner's mind, expert's mind 105Dawid Zalewski

To become better at 
programming, read & write 

code, A LOT

Learning to program well is a 
never-ending journey

EVERYBODY was once a BEGINNER
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Thank 
you!Dawid Zalewski

zaldawid@gmail.com | linkedin.com/in/dawid-zalewski
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constexpr auto a = "on the kitchen table";
constexpr auto b = "mind your own business";
constexpr auto c = "next week or the week after";
constexpr auto d = "no, you really shouldn't";

std::mt19937 rng(std::random_device{}());
std::uniform_int_distribution<int> uni(1, 4);
std::string question;
do {
    std::print("what is your question");
    std::getline(std::cin, question);

    auto r = uni(rng);
    if (r == 1) std::print(a);
    if (r == 2) std::print(b);
    if (r == 3) std::print(c);
    if (r == 4) std::print(d);

    std::print("more questions?");
    std::getline(std::cin, question);
} while (question == "yes");
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std::array answers = {
    "on the kitchen table",
    "mind your own business",
    "next week or the week after",
    "no, you really shouldn't"
};

auto generator = std::mt19937{std::random_device{}()};
std::string question;

do
{
    std::print("what is your question\n");
    std::getline(std::cin, question);

    std::ranges::sample(answers, std::ostream_iterator<std::string>(std::cout, "\n"), 1, 
generator);

    std::print("more questions?");
    std::getline(std::cin, question);
} while (question == "yes");
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Comprehension of computer code relies primarily on domain-general executive brain regions, Anna A. Ivanova et al. 2020

Code comprehension > Text comprehension
Text comprehension > Code comprehension
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Descriptive compound identifier names improve source code comprehension, Andrea Schankin et al., 2018

compound
identifiers

short
identifiers

0 200 400 600
Task completion time / s
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How Developers Choose Names, Dror Feitelson et al., 2021
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auto i = 1u;
for (;;) {
  auto check1 = [](auto i){auto s{0u}; while(i){ s += i%10u; i/=10u; } return s%3u; }(i);
  auto check2 = i * 0xcccccccdu > 0x33333333u;
  auto check3 = check1 + check2;
  auto check4 = i - (check1 * check2);

  if (check3 == 0) 
    std::print("FizzBuzz\n");
  if (check1 == 0 && check2)
    std::print("Fizz\n");
  ff (!check2)
    if (check1 & 0xf7u)
      std::print("{}, Buzz\n", i);
  if (!(!(check4 > i) && !(check4 < i)))
    std::print("{}\n", i);
  
  if (100 < (i+=1)) break;
}
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Q←{1≥≢ :⍵ ⍵ ⋄ S←{⍺⌿⍨⍺ ⍺⍺ ⍵} ⋄ ⍵((∇<S) =⍪ S⍪(∇>S))⍵⌷⍨?≢⍵}

qsort :: Ord a => [a] -> [a]
qsort []     = []
qsort (p:xs) = (qsort smaller) ++ [p] ++ (qsort greater)
    where
        smaller = filter (< p) xs
        greater = filter (>= p) xs
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Learning second and subsequent programming languages: A problem of transfer, Jean Scholtz et al., 2003

Learning second and subsequent programming 

languages is easier than learning a first 

programming language because many 
concepts and constructs are shared.

/* Jean Scholtz & Susan Wiedenbeck */



 Beginner's mind, expert's mind 123Dawid Zalewski

Learning second and subsequent programming languages: A problem of transfer, Jean Scholtz et al., 2003

(...) programs (...) are strongly influenced by 

(...) other languages they know. This prevents 

them from taking full advantage of the capabilities of the 

new language.
/* Jean Scholtz & Susan Wiedenbeck */
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