
Lecture 8: Functions
CS 106L, Fall ‘20



Today’s Agenda

● Assignment 1
● Recap: Concept lifting
● New stuff with concept lifting
● Lambda functions
● Intro to STL



Assignment 1: WikiRacer



Milkshake → Gene



Emu → Stanford University





Screenshots



Fill in the form for credit

Screenshots due Sunday, Oct 11



Step 1: extract links



Step 2: exploration



Things required for credit

● lambdas
● STL functions
● iterators

we’ll learn more about #1 and #2 today!



Due: Friday, Oct. 23 at 11:59pm PST
if you filled out survey #1 you have 1 late day

we will send out survey #2 soon!



Recap: concept lifting



What assumptions are we making about 
the parameters?

Can we solve a more general problem by 
relaxing some of the constraints?



Why write generic functions?

Count the number of times 3 appears in a std::list<int>.
Count the number of times “X” appears in a std::istream.
Count the number of times a vowel appears in a std::string.
Count the number of times a college student appears in a census.



How many times does a <T> appear in an iterator<T>?

template <typename InputIt, typename DataType>
int count_occurrences(InputIt begin, InputIt end, DataType val) {
  int count = 0;
  for (auto iter = begin; iter != end; ++iter) {
    if (*iter == val) count++;
  }
  return count;
}

vector<string> v; count_occurrences(v.begin(), v.end(), “test”);

🤔 Great! This is a very general way to solve the problems



We can now solve these questions...
Count the number of times 3 appears in a list<int>.
Count the number of times ‘X’ appears in a std::deque<char>.
Count the number of times ‘Y’ appears in a string.
Count the number of times 5 appears in the second half of a vector<int>.

But how about this?

Count the number of times an odd number appears in a vector<int>.
Count the number of times a vowel appears in a string.



Concept lifting cont.



Generalization: A predicate is a function which takes in 
some number of arguments and returns a boolean.

bool isEqualTo3(int a) {
return (a == 3);

}

bool isVowel(char c) {
return std::find(“aeiou”, c) != -1;

}
   

bool isDivisibleBy(int a, int b) {
return (a % b == 0);

}
   

bool isLessThan(int a, int b) {
return (a < b);

}
   

Unary Predicates Binary Predicate



template <typename InputIt, typename DataType, typename UniPred>
int count_occurrences(InputIt begin, InputIt end, UniPred pred) {
  int count = 0;
  for (auto iter = begin; iter != end; ++iter) {
    if (pred(*iter) == val) count++;
  }
  return count;
}

Calling this function with a predicate

bool is_even(int i) { return (i % 2) == 0; }
vector<int> v; count_occurrences(v.begin(), v.end(), is_even);
// this is a function pointer



bool is_greater_than_5(int i) { 
return (i > 5); 

}

bool is_greater_than_6(int i) { 
return (i > 6); 

}

bool is_greater_than_7(int i) { 
return (i > 7); 

}
// We can’t add the limit as a parameter to the function (why?)

Function pointers generalize poorly



This is fundamentally a scope problem
We need to pass the limit in without adding another 

parameter... 



Lambda Functions



int main() {
auto print_int = [](int x) {

                   cout << x << endl;
             };

// print_int is a function now!
print_int(5); // “5”
print_int(7); // “7”

// what type is print_int? who cares!
}

Lambda functions let you make a new function on the fly



int main() {
int limit; 
std::cin >> limit;
auto is_less_than = [limit](int val) { return (val < limit) };

// this solves our earlier problem!
}

Lambda capture allows you to pass information in



template <typename InputIt, typename DataType, typename UniPred>
int count_occurrences(InputIt begin, InputIt end, UniPred pred) {
  int count = 0;
  for (auto iter = begin; iter != end; ++iter) {
    if (pred(*iter) == val) count++;
  }
  return count;
}

Counting how many numbers are less than a value

auto is_less_than = [limit](int val) { return (val < limit) };
vector<int> v; count_occurrences(v.begin(), v.end(), is_less_than);
// counts the number of times a number under limit appears



Lambda syntax

auto is_less_than = [limit](auto val) {
return (val < limit);

}

We don’t know the 
type—but do we care?

Capture clause—lets 
use outside variables

You can use auto in 
lambda parameters!

Here, only val and 
limit are in scope.



Capture values
auto lambda = [capture-values](arguments) {

return expression;
}

[x](arguments) // captures x from surrounding scope by value
[x&](arguments) // captures x from surrounding scope by reference
[x, y](arguments) // captures x, y by value
[&](arguments) // captures everything by reference
[&, x](arguments) // captures everything except x by reference
[=](arguments) // captures everything by copy



Algorithms & STL



Last time...

int count_occurrences(const vector<int>& vec, int val) {
  int count = 0;
  for (size_t i = 0; i < vec.size(); i++) {
    if (vec[i] == val) count++;
  }
  return count;
}

vector<int> v; count_occurrences(v, 5);

🤔 Making too many assumptions made our code non-portable.



With lambdas

template <typename InputIt, typename DataType, typename UniPred>
int count_occurrences(InputIt begin, InputIt end, UniPred pred) {
  int count = 0;
  for (auto iter = begin; iter != end; ++iter) {
    if (pred(*iter) == val) count++;
  }
  return count;
}

Now the function is maximally generic.
(Question: Why do we use InputIt rather than the collection itself?)



🤯 Hey, this looks familiar… 🤯



Algorithms & STL



STL is a collection of generic template 
functions.

std::count_if(InputIt first, InputIt last, UnaryPredicate p);
Counts the number of elements between first and last satisfying p.

std::find(InputIt first, InputIt last, UnaryPredicate p);
Finds the first element between first and last satisfying p.

std::sort(RandomIt first, RandomIt last);
Sorts the elements between first and last.



STL functions operate on iterators.

std::minmax_element(InputIt first, InputIt last);
Returns a tuple [min, max] over the elements between first and last.

std::stable_partition(InputIt first, InputIt last, UnaryPredicate p);
Reorders the elements between first and last such that all elements for which p 
returns true come before those for which it returns false.

std::copy(InputIt first, InputIt last, OutputIt target);
Copies the elements between first and last into target. (There’s also a 
std::copy_if ).



There are a lot of algorithms...



Things you can do with the STL

binary search • heap building • min/max 
lexicographical comparisons • merge • set union
set difference • set intersection • partition • sort 
nth sorted element • shuffle • selective removal • 

selective copy • for-each • move backwards

all in their most general form



Algorithms for Assn1



std::vector<int> pi = {3, 1, 4, 1, 5, 9, 2, 6, 5, 3, 5};
auto it1 = std::find(pi.begin(), pi.end(), 9);
std::distance(pi.begin(), it1); // answer in chat
auto it2 = std::find(pi.begin(), pi.end(), 7);
std::distance(pi.begin(), it2); // answer in chat
auto it3 = std::find(pi.begin(), pi.end(), [](i) { 

return i % 3 == 2; });
std::distance(pi.begin(), it3); // answer in chat
cout << *it3 << endl;           // answer in chat

Element search with std::find
std::find finds the 1st instance of an element 
or finds the 1st instance of an element satisfying a predicate p.
Returns an iterator to the element, or .end() if not.



std::vector<int> pi = {3, 1, 4, 1, 5, 9, 2, 6, 5, 3, 5};
std::vector<int> subseq = {1, 5, 9};

auto it = std::search(pi.begin(), pi.end(),
                      subseq.begin(), subseq.end());

std::distance(pi.begin(), it); // 3

Subsequence search with std::search
std::search finds the 1st instance of subsequence [s_first, s_last] in [first, last].
It returns an iterator to the occurrence in the main sequence, or .end() if it is not 
found.



std::vector<int> values = {1, 3, 5, 7, 9, 11, 12};

bool val = std::all_of(values.begin(), values.end(), 
                       [](i) { return i % 2 == 1;});
bool val2 = std::all_of(values.begin(), values.end() - 1, 
                       [](i) { return i % 2 == 1;});

// what are val1 and val2? answer in chat

Elegant evaluation with std::all_of

std::all_of(InputIt first, InputIt last, Pred p) returns a bool 
representing whether all of the elements between first and last satisfy p.



🤔 Questions? 🤔


