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m KDAB senior software engineer
Software Experts in Qt, C++ and 3D / OpenGL

m Author of the "Functional Programming in C++" book
available in English, Chinese, Korean, Russian, Polish

m Trainer / consultant
m KDE developer
m University lecturer

4AKDAB
CPP-Summit 2020 Ivan Cuki¢ YT @ivan_cukic 2



FAR AWAY



Faraway  Attack of the Clones API Performance Safety The End
oceo 00000000000000000000 000000000  0000000000000000000000000 0000000000 O

Far away worlds

set*
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Far away worlds

Values belonging to a linear type must be used
exactly once: like the world, they can not be
duplicated or destroyed. Such values require no
reference counting or garbage collection...

Linear types can change the world!
Philip Wadler

4AKDAB
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RAII
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Clones
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Moves

m Resource ownership transfer
m Optimization - copy vs move
m API documentation / usage restriction
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CPP-Summit 2020 Ivan Cuki¢ YJ @ivan_cukic 12



Faraway  Attack of the Clones API Performance Safety The End
000 00000080000000000000 000000000  0O000O000000000000000000000 0000000000 O

Moves

m Resource ownership transfer
m Optimization - copy vs move
m API documentation / usage restriction

AKDAB
CPP-Summit 2020 Ivan Cuki¢ YJ @ivan_cukic 12



Faraway  Attack of the Clones API Performance Safety The End
000 00000008000000000000  OOO000000  0O000O000000000000000000000 0000000000 O

Moves

void foo(type&& v)

4KDAB
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Moves

class type {
void foo() && *this is a temporary

{
}

4KDAB
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Moves

type&& fool()

4KDAB
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Moves

type&& foo(type&& v)
{

}

4KDAB
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Concepts and constraints

How to enforce moves with function templates?

template <typename T>
void foo(T&& val)
{

}

AKDAB
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Concepts and constraints

template <typename T>
constexpr bool is_int_v = std::is_same_v<T, int>;

AKDAB
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Concepts and constraints

template <typename T>

concept IsInt = std::is_same_v<T, int>;
not a proper concept,
demonstration purposes only!

AKDAB
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Concepts and constraints

template <typename T>
requires (IsInt<T>)

void foo(T&& v)

{

}

AKDAB
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Concepts and constraints

template <typename T>
requires (is_int_v<T>)

void foo(T&& v)

{

}

AKDAB
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Clones

template <typename T>
requires (?777?)

void foo(T&& v)

{

}

AKDAB
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Clones

typedef T& lref;
typedef T&& rref;

T value;

lref& rl = value; // type of rl is T&

lref&& r2 = value; // type of r2 is T&

rref& r3 = value; // type of r3 is T&

rref&& rd4 = T(); // type of r4 is T&&

AKDAB
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Clones

template <typename T>

requires (!std::is_lvalue_reference_v<T>)
voild foo(T&& v)
{

}

AKDAB
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API

std::getline(std::cin, s);

4KDAB
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API

std::string&& getline(std::istream& in,
std::string&& buf);

s = getline(std::cin, std::move(s));
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Attack of the clones

istream_sequence<std::string> in{std::cin};

std::string result;
for (const auto& token: in) {
result.append(token);

}

4KDAB
29
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Attack of the clones

istream_sequence<std::string> in{std::cin};

std::string result;

for (const auto& token: in) {
result.append(token);

}

Remember what Sean said?

AKDAB
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Attack of the clones

istream_sequence<std::string> in{std::cin};

const auto result =
accumulate(in, string{});

Remember what Sean said?
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Attack of the clones

template <typename InputIt, typename T>
T accumulate(InputIt first, InputIt last, T init)
{
while (first != last) {
init = init + *first;
++first;
}

return init;

AKDAB
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Attack of the clones

temporary strings

4KDAB
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Attack of the clones

template <typename InputIt, typename T>
T accumulate(InputIt first, InputIt last, T init)
{
while (first != last) {
init = std::move(init) + *first;
++first;
¥

return init;

AKDAB
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Attack of the clones

Copying is the silent (performance) killer

4KDAB
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Assembly

std::string s{"Hello"};

std::string append()
{

}

return s.append(”, world!”);

std::string op_plus()
{

}

AKDAB
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return s + ", world!”;



string s{"Hello"};

r12
12, rdi

asic_string<char, std::char_traits<char>, std::all

std::__cxx11::basic_string<char, st
rax, r1z
r12
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Assembly

std::string s{”"Hello"};

std::string append()
{

}

return s.append(”, world!”);

std::string move_plus()
{
return std::move(s) + ", world!”;
}
}
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std::string s{"Hello"}; string s{"Hello"};

r12
OFFSET FLAT:.LCO esi, OFFSET FLAT:.LCO

di mov riz,
OFFSET FLAT:s[abi:cxx11] mov  edi, OFFSET FLAT:s[abi:cxx11]
t:_cxx11::basic_string<char, std::char_traits<char>, std::allc call  std::_exx11::basic_string<char, std::char_traits<char>, std::all
rdi, r1z rdi, r12

rsi, rax
std::__cxxi1::basic_string<char, std::char_traits<char>, std::all : har_traits<char>, std::all

rax, riz

riz

rax, ri2
pop riz



Allocator-Aware (A A) SoFcware - John Lakas

Value Proposition:
Allocator-Aware (AA) Software

John Lakos
Saturday, April 13, 2019

This version is for ACCU’19.
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Returning values

m (N)RVO - result is constructed in the caller
m Moved to the caller (CWG 1579)
m Copied into the caller

AKDAB
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CWG 1579

Currently the conditions for moving from an object returned from
a function are tied closely to the criteria for copy elision, which
requires that the type of the object being returned be the same
as the return type of the function. Another possibility that should
be considered is to allow something like

optional<T> foo() {
T t;

return t;

}

and allow optional<T>::optional(T&&) to be used for the
initialization of the return type. Currently this can be achieved
explicitly by use of std::move, but it would be nice not to have

to remember to do so. 4KDAB
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Returning values

U fun()
{

T value;

return value; // move constructed

AKDAB
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Assembly

Better than RVO?

/tongue-in-cheek/

4KDAB
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Returning values

std::string hello(std::string val) void hello(std::string& val)
{ {
val.append(”Hello C++!"); val.append(”Hello C++!");
return val; }

}
void greet(std::string& s)
std::string greet(std::string s) {
{

return hello(hello(hello(hello(hello(s))))); hello
h

4KDAB

CPP-Summit 2020 Ivan Cuki¢ YJ @ivan_cukic 45



LLFE1014:

_cfi_endproc

GCC

(Debian 10.2.0-19
NI

tack

cpg

movl

call

crpg

movl

call

cpg

movl

call

cpg

movl

call

Lcfi

cfi

i

.ident "GCC: (Debian 10.2.0-19) 10.2.0"
.section  .note.GNU-stack, "" ®progbits

9, %rax

$10, %edx

_ZNSt7__cxx1112basic_stringIcStiichar_traitsIcESaIcEE9_W_appendEPKcm

9, %rax

$10, %edx

_ZNSt7__cxx1112basic_stringIcStiichar_traitsIcESalcEE9_W_appendEPKcm

$9, %rax

$10, Shedx

_ZNSt7__cxx1112basic_stringIcStiichar_traitsIcESalcEE9_W_appendEPKcm

$9, %irax

$10, %edx

ZNSt7__cxx1112basic_stringIcstiichar_traitsIcESalcEE9_W_appendEPKem

remember_state
def_cfa_offse

24

def_cfa_offset 16

def_cfa_offset 8

restore_state

LLCOC%rip), %rdi
_25t20_throw_length_errorPKcePLT
endproc
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Returning values

void hello(std::string& val) std::string&& hello(std::string&& val)
{ {

val.append(”Hello C++!"); val.append(”Hello C++!");
return std::move(val);
}

void greet(std::string& s)
{ std::string&& greet(std::string&& s)
{

hello(s);

hello(s); return hello(hello(hello(hello(hello(
hello(s); std::move(s))))));

hello(s); }

hello(s);

4KDAB
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L B L B
.cfi_def_cfa_offset 24 .cfi_def_cfa_offset 24
.cfi_offset 3, -24 .cfi_offset 3, -24

movabsq $4611686018427387903, %rbx movabsq $4611686018427387903, %rbx
movq  %rbx, %rax movq  %rbx, %rax

subg %8, %rsp subg  $8, %rsp
.cfi_def_cfa_offset 32 .cfi_def_cfa_offset 32

subg  B(%rdi), %rax subq  B(%rdi), %rax

cmpq  $9, %rax cmpq  $9, frax
jbe .13

$10, %edx movl  $10, %edx

LC1(%rip), %rsi leaq  .LC1(%rip), %rsi
_ZNSt7__cxx1112basic_stringIcst1ichar_traitsICESaIcEE9_W_appendEPKcmel _ZNSt7__cxx1112basic_stringTcStiichar_traitsIcESaIcEE9_M_appendEPKeme
%rbx, %rax %rbx, %rax

49, %rax $9, %rax

3
510, %edx $10, thedx
LLC1(%rip), %rsi . LC1(%rip), %rsi

call  _ZNSt7_cxx1112basic_stringIcStiichar_traitsICESaICEES_M_appendEPKcnel _ZNSt7__cxx1112basic_stringIcStiichar_traitsIcESalcEES_W_appendEPKcme
movg_ %rbx, %rax rbx, %rax

cmpg  $9, %rax $9, urax

jbe .13 3

movl  $10, %edx $10, %edx

leag  .LC1(%rip), %rsi LLC1 (%rip), Srsi

_ZNSt7__cxx1112basic_stringIcSt1ichar_traitsIcESaIcEE9_M_appendEPKcm@l _ZNSt7__cxx1112basic_stringIcSt1ichar_traitsIcESalcEEI_M_appendEPKcm@
Hrbx, Xrax %rbx, %rax

39, %rax $9, wrax

e .L3 3
$10, %edx $10, %edx
LLCT(%rip), %rsi LLCT(%rip), S%rsi

_ZNSt7__cxx1112basic_stringlcStiichar_traitsIcESalcEE9_M_appendEPKcn@l _ZNSt7__cxx1112basic_stringlcstiichar_traitsIcESalcEE9_W_appendEPKcme

$9, %rbx

38, %rsp
.cfi_remember_state
_cfi_def _cfa_offset 24

$8, %rsy
popq  rbx .cfi_remenber_state
_cfi_def_cfa_offset 16 _cfi_def_cfa_offset 24

popq  trbx
.cfi_def_cfa_offset 16

.cfi_def cfa_offset 8
.cfi_restore_state
leag  .LCO(%rip), %rdi L3
call _ZSt20__throw_length_errorPKc@PLT .cfi_restore_state
_cfi_endproc leaq  .LCO(%rip), %rdi
call _25t20__throw_length_errorPKc@PLT
_cfi_endproc

.ident "GCC: (Debian 10.2.0-19) 10.2.0"
cection ate GNU-stack ™" @oroghits
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Testing strings

template <typename It, typename T, typename F>
T accumulate(It first, It last, T init, F op)

{
for (; first != last; ++first) {
init = op(init, *first);
}
return init;
}

std::string concatenate(std::vector<std::string> xs)
{
return accumulate(xs.cbegin(), xs.cend(), std::string{},
[1 (std::string acc, const std::string& x)
-> std::string {
return acc + Xx;

})s
} AKDAB
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Faraway  Attack of the Clones API Performance Safety The End
000 00000000000000000000  0OO000000  000000000000000e000000000  0O00000000 O

Testing strings (C++20)

template <typename It, typename T, typename F>
T accumulate(It first, It last, T init, F op)

{
for (; first != last; ++first) {
init = op(std::move(init), *first);
}
return init;
}

std::string concatenate(std::vector<std::string> xs)
{
return accumulate(xs.cbegin(), xs.cend(), std::string{},
[1 (std::string acc, const std::string& x)
-> std::string {
acc.append(x);

return acc;
. 4AKDAB
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.cfi_offset .text

.cfi_endproc

.section  .text.unlikely

.cfi_startproc

.cfi_personality 0xSb,DW.ref._gxx_personality_v0

leaq  1(%rax), %rsi .cfi_lsda Ox1b, .LLSDAC1574 .

call Zd1PvmePLT .type _Z1lconcatenateStévectorINSt7__cxx1112basic_stringleStiichar_traits
= _Z11concatenateSt6vector INSt7__cxx1112basic_stringIcStiichar_traitsICESaICEEESa

LLFSB1574:

.cFi_offset
.cfi_offset
.cFi_offset
.cfi_offset
.cfi_offset
_cfi_offset 15, -16

leaq  1(%rax), %rsi
_zd1PvnePLT

movg__ %rbp, %rdi
call _Unwind_Resume@PLT
.cfi_endproc

LLFE1574
.section  .gcc_except_table

. ox1 . 0.
.uleb128 .LLSDACSECI574-.LLSDACSBC1S574 .uleb128 .LLSDACSEC1574-.LLSDACSBC1574
. LLSDACSBC1574 LLLSDACSBC1574:

.ulebi28 0 .uleb128 0
.uleb128 0 .uleb128 0
- LLSDACSEC1574: -LLSDACSEC1574:
.section  .text.unlikely .section  .text.unlikely

- text .text
.size _ZllconcatenateStévectorINSt7__cxx1112basic_stringIcStiichar_traits .size _ZllconcatenateSt6vectorINSt7__cxx1112basic_stringIcStiichar_traits
.section  .text.unlikely .section  .text.unlikely

.size _711concatenateStévectorINSt7__cxx1112basic_stringIcStiichar_traits .size _7llconcatenateSt6wectorINSt7__cxx1112basic_stringIcStiichar_traits

-hidden DW.ref. _gxx_personality v0 .hidden DW.ref._gxx_personality v0
.weak  DW.ref.__gxx_personality vo .weak  DW.ref.__gxx_personality vo
.section  .data.rel.local.DW.ref._gxx_personality_w0,"awG" @progbits,DW. .section  .data.rel.local.DW.ref._gxx_personality_v0,"awG",@progbits,Di.
.align 8 .align 8
.type DW.ref._gxx_personality v0, @object .type DW.ref._ gxx_personality vo, @object
DW.ref.__gxx_personality vo, 8 DW.ref.__gxx_personality vo, 8
DW.ref._gxx_personality_vo: Di. ref. _gxx_personality_v0
.quad  __gxx_personality vO quad  _ gxx_personality_v0
.ident "GCC: (Debian 10.2.0-19) 10.2.0" .ident "GCC: (Debian 10.2.0-19) 10.2.0"
.section  .note.GNU-stack ™" @progbits .section  .note.GNU-stack, " @progbits




Faraway  Attack of the Clones API Performance Safety The End
000 00000000000000000000  0OO000000  0000000000000000080000000  0O00000000 O

Testing strings (C++20)

std::string concatenate(std::vector<std::string> xs)

{
return accumulate(xs.cbegin(), xs.cend(), std::string{},
[1 (std::string&& acc, const std::string& x)
-> std::string&& {
acc.append(x);
return std::move(acc);
1)
}

AKDAB
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.cfi_def_cfa_offset 8 \

ret \

.p2align 4,,10

.p2align 3
movq  16(%rsp), %rax
.cfi_remenber_state
_Cfi_def_cfa_offset
.cfi_def_cfa_offset
.cfi_def cfa_offset
.cfi_def_cfa_offset
.cfi_def_cfa_offset
.cfi_def_cfa_offset
ret
.p2align 4,,10
.p2align 3

leag  16(%rdi), %ra leag  16(%rdi), %rax

5 d d xorl  fedx, %edx
novg movg  %rax, (%rdi)

.globl _ gxx_personality_v0

.section  .gcc_except_table,"a” ,@proghits
-LLSDA1574:

_byte  Oxff

.byte  Oxff

.byte  0x1

.uleb128 .LLSDACSE157: LLSDACSB1574
-LLSDACSB1574
.uleb128 .LEHBO-.LFB1574
.uleb128 .LEHEO-.LEHBO

.globl __gxx_personality v
.section .gcc_except_table, "a”,@proghits
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Safety

m Arguments by &&-reference
m Return by &&-reference
m Store results by &&-reference

AKDAB
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All temporary objects are destroyed as the last step in
evaluating the full-expression that (lexically) contains the
point where they were created.

If multiple temporary objects were created, they are
destroyed in the order opposite to the order of creation.

AKDAB
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Safety

type&& f(type&& t)
{

}

Safe if t (or a global object) is returned in all paths.

AKDAB
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Safety

type&& f()
{

}

Unsafe unless returning something global (external to f).
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Safety

converted_type&& f(type&& t)
{

}

Unsafe, return by value.

Note: explicit is your friend.
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Safety

m Consider returning &&
m But be cautious of dangling references
m Store result by-value
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Safety

for (auto x: foo().value()) {

}
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Safety

for (auto f = foo(); auto x: f.value()) {

}

4KDAB
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m Use after move
(clang-tidy:bugprone-use-after-move)

m Unused variable error
(-Werror=unused-variable)

m Error handling
(optional<T>, expected<T,E>)
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Answers? Questions! Questions? Answers!

Reaching me @KDAB
Web: https://cukic.co Web: https://kdab.com
Mail:

Mail: ivan@cukic.co

Twitter: @ivan_cukic ivan.cukic@kdab.com

cukic.co/to/fp-in-cpp
Functional Programming in C++
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