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In the beginning... (
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Certainty an iterator is always a pointer to an

element in a collection

1

Safety you cannot do arithmetic operations witt
iterators
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Iterator traverse the items of a container
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auto p = partition(begin(s) d(s),

ransform(begin(s), p, back_inserter(o)
[1(double v) {return v x 0.175; })

for the 1 liner junkies

ransform(begin(s), partition(begin(s), end(s

Litd V) 1 v >0.U;r),




In range

Not much has changed in more than 15 years:

@ C++498 and the algebra of iterators
@ Containers are iterator factories
@ STL is about algorithms

High Church C++

~ Allan Kelly from 2000 e
.l www.allankelly.net/writing/webonly/highchurch.html .l
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Using Andrei Alexandrescu’s range con

theory - simple(r):

e

a]ut r = map(filter(s, [
[1(double return v
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But....functional composition has its limits

Jgto r = map(

filter(filter(s,
[1(double v) {return v < 3.0;})
[](djﬂffe ) {return v > 0.0;})
[1(double v) {return v x 0.175;})




Programming style

Some abstraction improvements over pointers

Iterator style
It's very verbose

Range style

- Definite abstraction improvement on iterators —
.. Comp05|t|on can lead to an explosion of nesting .l
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~ Python

~r = (v x 0.175 for v in s if v > 0.0)

from v in s
where v > 0.0
select v x 0.175;




)
)

~ C# Fluent-style

var r = s.Where(v => v > 0.0)
.Select(v => v * 0.175);
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IEnumerable<T> represents a range
IEnumerator<T> has an lterator interface

~ lterating |

- ©Q Getcurrent T

@ Move next
Q (is valid)
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C te<typename 1terator_type>
class iterable_range

erable_range(iterator_type begin, iterator_type end);

+ () + A + + . \
h
auto operatorx() const -> adecltype(*xthis->pos)

explicit operator bool() cons

auto operator++() -> iterable_range &




So can it be done?

auto r = from(s)
.where([](double v) {return v > 0.0;})
.select([] (double v) {return v x 0.175;});

Questions
Q What does from return?
@ select? where?
©Q What is the final return type?
@ Canituse “deferred execution”? -

.‘
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e can now infer from
+empla+n typename co tainer_t pe>
auto from(const container_type & ctr) ->
iterable_range<typename container_type::const iterator>
7
return iterable_range<typename container_type::const_iterator>
{ std::begin(ctr), std::end(ctr) }
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ellTﬂ:atesty ename range_t, typename unary_predi
ss where_range

mutable range_t r
unary_predicate fn;

£3ind () +
vOolQa T1ind_nexty) Const

while(r && !'fn(x*r)) ++r
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- tenplatectypename range_t, typename xforn>
auto select(ranae t+ r xform fn) -> celect ranae<ranae + xform>
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template<template<class,class> class range t, typename expr>
clﬂss range_factory
{
public:
range_factory(expr action) : action{ action } }
template<typename range of>
auto operator()(range_of r) const -> range_t<range_of, expr>
{




template<typename filter>
(

here(filter fn) -> range_factory<where_range, filte

rn range_factory<where_range, filter>{ fn };

template<typename range t, typename factory_ t>
t t 1
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Joesn’t take long to get to this:

ewp{:te<temp1at= typename. . .> class range_t)
typename next_type,
yp#naﬁe. . others>
s range_N_factory<range_type, next_type,
public range_N_factory<range_type, others..
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- Fact

~ You can hide as much template nastiness as you like
- behind a simple API

Corollary
You should hide as much as you can!
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- Therange

~It’s there, but never actually seen
- - a mere implementation detail!
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TEST_CASE( "all_of", "“[narl][stl][all_of]" )
{
std::vector< int > data { 2, 4, 6 };
auto stl _result = std::all_of( std::begin( dat std: :end(
data ),
[](i:[nti)ireur i% frw });
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_CASE( "any_of", "[narl]l[stl][any_of

—_
~

::vector< int > data { 2, 4, 6 };

stl_result td::any_of( std::begin( data ), std::end(

data ),

( ﬂht i) { returni==4; } );
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TEST_CASE( "copy_n", "[narl][stl][copy_.n]" )
s

td::vector< int > data { 1, 2, 3, 4, 5, 6 };

(%]

(2]

td::vector< int > stl_result;

std::copy_n( std::begin( data ), 3, std::back inserter

stl_result )

auto narl_result = from( data
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TEST_CASE( "transform", "[narl][stl][transform]" )
{
std::vector< int > data { 2, 3|};
std::vector< int > stl_result;
std::transform( std::begin( data ), std::end( data ),
std::back_inserter( stl_result ), []( int i ) et
10; '} );
to narl_result = from( data
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 TEST.CASE( "generate.n’, '[marll[stll{generate.n]” )
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remove_copy_if]
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remove_copy_if", [nar

r< int > data { 1, 2, 3, 4 };

r< int > stl_result;

e_copy_if( std::begin( data ), std::end( data )
k_inserter( stl_result ),

i) {returni %2 ==20; } );




o
i

TEST_CASE( "sort comparer", "[narl][stl][sort][comparer]" )
s
T
std::vector< int > data { 3, 2, 4, 1, 5 };
std::vector< int > stl_result { data };
std::sort( std::begin( stl result ), std::end( stl result ),
std::less< int >() );
auto narl_result = from( data
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Frankly
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"In symbols one observes an advantage in
discovery which is greatest when they express
the exact nature of a thing briefly and, as it
w
t

ere, picture it; then indeed the labor of
ought is wonderfully diminished."
Gottfried Wilhelm von Leibniz 1646-171




