OnTnMmn3saumm BpeEMEHM
KOMMUNALUUA

DINS



O00 MHe

Embedded microcontroller programming

Embedded programming

Dino systems

DINS,



O yem goknag

He cepebpsiHas nynga

[Mepenava nHdopmaumn mnnn metanHdgopmauum Ha atane KOMNUNSaUum
OT MecTa 06bABEHUA K MECTY UCMONb30BaHUS

DINS .



YTo He nonaget

Defines
Const

Noexcept

DINS ,



Y10 nonaget

dakTopuansl

[peka

beccmbicneHHbIe onTMMU3aLnn

DINS .



Buabl onTummnsaunm

DINS .



OnTuMmn3saums - UHNaNHWUHI

int addThree (int a)

{return a+3;};

int addFour (int a)

{return a+4;};

int addFive (int a)

{return a+5;};

int Calc2+3+4+5() {
return addFive (addFour (addThree(2))) ;
}

DINS



OnTuMmn3saums - UHNaNHWUHI

int addThree (int a)

{return a+3;};

int addFour (int a)

{return a+4;};

int addFive (int a)

{return a+5;};

int Calc2+3+4+5() {
return addFive (addFour (addThree(2))) ;
}

addThree(int):
lea eax, [rdi+3]
ret
addFour(int):
lea eax, [rdi+4]
ret
addFive(int):
lea eax, [rdi+5]
ret
Calc2345():
mov eax, 14

ret

DINS



OnTuMmn3saums - UHNaNHWUHI

Greka->Go() —1 veichlebuilder.build.get() [— BrigeProducer->produce()

WaterClearityChecker.Check()

Rack->PerformEat(Greka)

RiverVisitonB
\

DINS ,



OnTuMmnsaums - BblKUAbIBaHNE HEHY>KHOIO

#include "array"

const std::array<int,10> arr{1,2,3,4,5,6,7,8,9,10};

int returnSome ()

{

return arr[5];

}

DINS .,



OnTuMmnsaums - BblKUAbIBaHNE HEHY>KHOIO

#include "array"

const std::array arr{1,2,3,4,5,6,7,8,9,10};

int returnSome ()

{

return arr[5];

}

DINS ..



OnTuMmnsaums - BblKUAbIBaHNE HEHY>KHOIO

#include "array" returnSome():
const std::array arr{1,2,3,4,5,6,7,8,9,10}; moveax, 6
ret

int returnSome ()

{

return arr[5];

}

DINS,,



Komnunartop

FFrontend

Middleend
Rackend

DINS ..



Pac4eT Ha poHTEHaE

int factorial (int n)

{

return n > 0 ? n * factorial( n -1 ) : 1;

int main ()

{

return factorial (10);

DINS,,



PacueT Ha ppoHTeEHaE -O2

{

int factorial (int n)

return n > 0 ? n * factorial( n - 1 )

int main ()

{

return factorial (10);

: 1;

main:

mov eax, 1
mov edx, 10
.L8:

imul eax, edx
sub edx, 1
jne .L8

ret

DINS .,



PacueT Ha dpoHTEHaEe -O3

int factorial (int n) main:
mov eax, 3628800
ret
return n > 0 ? n * factorial( n -1 ) : 1;

{

int main()

{

return factorial (10);

DINS .



Pac4eT Ha poHTEHaE

constexpr int factorial (int n) main:
mov eax, 3628800
ret
return n > 0 ? n * factorial( n -1 ) : 1;

{

int main ()

{

return factorial (10);

DINS .,



Linker

Text
Data

Bss

DINS .,



CTaTnydeckasi nHmumanm3saums

DINS



CTaTnydeckasi nHmumanm3saums

int factorial (int n) main:

{ mov eax, DWORD PTR data[rip]
return n > 0 ? n * factorial( n - 1) : 1; ret

} _GLOBAL__sub_|_factorial(int):
const int data = factorial(10); mov DWORD PTR data[rip], 3628800
int main() ret

{

return data;

}

DINS,,



CTaTnydeckasi nHmumanm3saums

constexpr int factorial (int n) main:
{ mov eax, 3628800
return n > 0 ? n * factorial( n - 1) : 1; ret

}
const int data = factorial (10);

int main ()

{

return data;

}

DINS.,



CTaTnydeckasi nHmumanm3saums

constexpr int factorial (int n) main:
{ mov eax, 3628800
return n > 0 ? n * factorial( n - 1) : 1; ret

}
constexpr int data = factorial (10);

int main ()

{

return data;

}

DINS .,



Static (local) const

mainWithStaticData():
int mainWithStaticData/() mov eax, 2
ret

{
static const std::array<int,2> a = {1,2};

return a[l];

}

DINS,,



Static (local) const

mainWithStaticData():

int mainWithStaticData () movzx eax, BYTE PTR guard variable for mainWithStaticData()::a[rip]
test al, al
{ je .L20

mov rax, QWORD PTR mainWithStaticData()::a[rip]
static const std::vector<int> a {3,2,1,0}; moveax, DWORD PTR [rax+4]

return a[l]; ret
.L20:
} push rbp

mov edi, OFFSET FLAT:guard variable for mainWithStaticData()::a
call__cxa_guard_acquire

test eax, eax

jne .L21

mov rax, QWORD PTR mainWithStaticData()::a[rip]

pop rbp

mov eax, DWORD PTR [rax+4]

ret

L21:

pxor xmmO, xmmO DINSZAr

mov edi, 16



Kak coenartb nydiie?

YT0ObI OBUTLCS MaKCcMManbHOW NPON3BOANTENBHOCTU, HY>XKHO AaTb
KOMMNUASATOPY MakcuMarnbHY MHdopMaL Mo 06 Mcnonb3yeMbiX NepPeMeHHbIX

MeTanaHHble

Camu nepemMeHHble (JaHHble)
MecTa ncnonb3oBaHus
Cnocobbl ncrnosnb3oBaHmS

DINS,.



YTo cenyac ontummsaumen Ha arane KoMnunaumm

nn Hnyero nnu...

DINS.,.



Ecnn MHOro BpemeHu

protobuff

template<typename A, typename B>

struct and _
: public integral constant<bool, (A::value && B::value)>

{}:;

DINS .,



Ecnun mano BpemeHu

LTO
namespace{}

const

static

DINS.,



Ho ecTb e constexpr...

DINS .,



Ho ecTb e constexpr...

C++11

constexpr void LessThanlO (int a,bool check)

{
if (check)
assert(a < 10);

}

DINS.,



Ho ecTb e constexpr...

C++11

constexpr void LessThanlO (int a,bool check)

{
if (check)
assert(a < 10);

}

DINS.



Ho ecTb e constexpr...
C++11

constexpr void LessThanlO (int a,bool check)

{

if (check)
assert(a < 10);
}

reinterpret cast

DINS.,



Ho ecTb Xe constexpr...

Constexpr lambda
Constexpr if

Constexpr allocator
Consteval

Constexpr virtual destructor

DINS.,



Ecnu BoobLe He onTummnanpoBaTtb -0O2

unsigned int powerOfFive (unsigned int i) BusinessLogic():
{ ret

if (i==0) return 1;
return powerOfFive (i-1) *5;
}

int calc()

{
return powerOfFive (2) * powerOfFive (8) ;

}

void BusinessLogic ()

{
assert(calc() > 155);

) DINS,,



Ecnu BoobLe He onTummnanpoBaTtb -0O2

unsigned int powerOfFive (unsigned int i)
{

if (i==0) return 1;

return powerOfFive (i-1) *5;

}

int calc()

{

return powerOfFive (2) * powerOfFive (9);

}

void BusinessLogic ()

{
assert(calc() > 155);

) DINS .,



Ecnu BoobLe He onTummnanpoBaTtb -0O2

unsigned int powerOfFive (unsigned int i) BusinessLogic():
mov edx, 9 LCO:
{ mov eax, 1 .string "void BusinessLogic()"
if (i==0) return 1; .L15:
return powerOfFive (i-1)*5; MoV ecx, eax 'LC_1: _ _
lea eax, [rax+rax*4] .string "/tmp/compiler-explorer-compiler...
} sub edx, 1 LC2:
int calc() jne .L15 .string "calc() > 155"
imul ecx, ecx, 125
{ cmp ecx, 155
return powerOfFive (2) * powerOfFive (9) ; jle .L23
ret
’ L23:
push rax
void BusinessLogic () mov ecx, OFFSET FLAT:.LCO
mov edx, 15
{ mov esi, OFFSET FLAT:.LC1
assert(calc() > 155); mov edi, OFFSET FLAT:.LC2

} call __assert_fail D I N ° N



Ecnn BoobLue He onTMMKU3NPOBaThb

Greka->Go() —1 veichlebuilder.build.get() [— BrigeProducer->produce()

WaterClearityChecker.Check()

Rack->PerformEat(Greka)

RiverVisitor.viD
\

DINS.,



Ecnn onTMumunanpoBaTtb He No ymy

typedef static_Gpio<Port::A,7,GpioMode: :Out,GpioOutType: : PP,GpioSpeed: : s100MHzZ,
GpioPuPd: : PullDown> ledl;

ledl::init () ;
ledl: :toggle() ;

DINS.,



Ecnn onTMumunanpoBaTtb He No ymy

typedef DacDelayPinList<
Port::D,10,
Port::B,2,
Port::D,12,
Port::D,13,
Port::D,14,
Port::D,15,
Port::A,12,
Port::D,11,
Port::E, 10,
Port::B, 6,
Port::B,7,
Port::B,14,

Port::A,>5, LJ|\4~)39

Port::C,9> dacDelayPinListl;



N yTO Ham aenatb?

Ham Hy>keH meToq no3BonsoLWnm

e obecrneymBaTb MakCUManbHO BO3MOXHbLIM YPOBEHb ONTUMU3ALINM
e rapaHTum (ynan ecnu B compile time He nony4mnocs)
® TMOKOCTb (ecnu He HY»XHO B compile time, To He HYXXHO NepenuckIBaTb BECb

Kop)
® YUTAEMOCTb

DINS,,



Translation Units

greka.cpp
#include “greka.h”

#include “river.h”

greka.cpp + greka.h + river.h = translation unit 1

river.cpp + greka.h + river.h = translation unit 2

DINS,,



Translation Units

std: :array grekasHands {1, 2}; getGrekasRightHand():

mov eax, DWORD PTR grekasHands[rip+4]
ret

grekasHands:
int getGrekasRightHand ()
Jong 1
{ Jong 2
return grekasHands[1];
}

DINS,,



Translation Units

namespace getGrekasRightHand():
{ mov eax, 2

std: :array grekasHands {1, 2}; re!

}

int getGrekasRightHand()
{

return grekasHands[1];

DINS,,



Translation Units

getGrekasRightHand():

static std::array grekasHands {1, 2}; mov eax, 2
ret

int getGrekasRightHand ()
{

return grekasHands[1];

DINS,,



LTO

greka.cpp
#include “greka.h”

#include “river.h”

greka.cpp + greka.h + river.h = translation unit 1

river.cpp + greka.h + river.h = translation unit 2

DINS



LTO

struct Base

{

virtual int foo() { return 10; };
virtual ~Base() = default;

}i

struct Derived: Base

{

int foo() override { return 30; };

virtual ~Derived() = default;

};

Base* createlInstance ()

{

return new Derived;
}




LTO

struct Base int main ()

{ { Base* base = createlnstance();
virtual int foo() { return 10; }; int result = base->foo();
virtual ~Base() = default; delete base;

}; return result;}

struct Derived: Base
{
int foo() override { return 30; };

virtual ~Derived() = default;

};

Base* createlInstance ()

{ 2N =
return new Derived; L)|)4:347
}



LTO

struct Base int main ()
{ { Base* base = createlnstance();
virtual int foo() { return 10; }; int result = base->foo();
virtual ~Base() = default; delete base;
}; return result;}
struct Derived: Base main:
{ sub rsp, 8
int foo() override { return 30; }; mov edi, 8
virtual ~Derived() = default; call operator new(unsigned long)
}: mov QWORD PTR [rax], OFFSET FLAT:vtable for Derived+
mov rdi, rax
Base* createInstance () call Derived::~Derived() [deleting destructor]
{ mov eax, 30 ,
return new Derived; add rsp, 8 @INS 48

} ret



LTO

One.h main.cpp

Base* createlInstance() ; int main()

{ Base* base = createInstance()

struct Base int result = base->foo();
{ delete base;
virtual int foo() { return 10; }; return result;}
virtual ~Base() = default;
}; One.cpp
Base* createlInstance ()
struct Derived: Base {
{ return new Derived;
int foo() override { return 30; }; }
virtual ~Derived() = default;



Single compilation unit

To improve compilation times it is possible to use “unity
builds”, called Jumbo builds, in Chromium. The idea is to

merge many translation units (“source files”) and compile
them together.

DINS.,



Inline nepemMeHHbIe

struct MyStruct
{

inline static int data = 10;
inline static std::vector<int>
countdown {3,2,1,0};

};

int returnData()

{

return MyStruct::countdown[1];

}

returnData():

mov rax, QWORD PTR MyStruct::countdown[rip]
mov eax, DWORD PTR [rax+4]

ret

_GLOBAL__sub_|_returnData():

cmp BYTE PTR guard variable for MyStruct::countdown[rip], O

je .L16
ret

DINS,



loki mpl hana

BOOST_HANA_CONSTEXPR_CHECK (
hana::replace if (hana::make tuple(-3, -2, -1, 0, 1, 2, 3), negative, 0)

hana: :make tuple(0, 0, 0, 0, 1, 2, 3))

DINS,,



LLlabnoHbl nepegava gaHHbIX

DINS.,



LLlabnoHbl nepegava gaHHbIX

static const std::array<int,2> GrekasHands = {1,2};

DINS.,



LLlabnoHbl nepegava gaHHbIX

template <int T>
constexpr int Factorial()
{return Factorial<T-1>() * T;}

template<>
constexpr int Factorial<0>()
{return 0;}

template<>

constexpr int Factorial<1>()
{return 1;}

constexpr int a = Factorial<2>();

DINS..



LLlabnoHbl CTtatnyeckun nonmmopdpumnam

DINS..



LLlabnoHbl CTtatnyeckun nonmmopdpumnam

template <typename T>
auto performEat(T&& obj)

{
return eat(obj.getHands());

|3

performEat(greka);

DINS.,



LLHabnoHbl SFINAE

Compile-time switch for templates

DINS.,



LLla6noHbl SFINAE

template<class T>
typename std::enable_ if<std::is_floating point<T>::value, T>::type
T £fool(T t)
{ std::cout << "fool: float\n";
return t;

}
template<class T>

typename std::enable if<std::is_integral<T>::value, T>::type
T £fool(T t)
{ std: :cout << "fool: int\n";

return t;

DINS .,



LLlabrnoHbl KoHuenTbl

template<Integral T>
T fool(T t)

{
std: :cout << "fool: int\n";

return t;

DINS.,



LlabrnoHbl KoHuenTbl

template <class T>
concept Floating = std::is_floating point<T>;

template<Floating T>
T fool(T t)

{
std: :cout << "fool: float\n";

return t;

DINS.



LlabrnoHbl KoHuenTbl

template<typename T>
concept Hashable = requires (T a) ({

{ std::hash<T>{}(a) } -> std::size_t;
};

template<typename T> requires Hashable<T> && Floating<T>
void £(T) ;

template<typename T> requires Hashable<T> || Floating<T>
class MySet;

DINS,,



LLlabnoHbl MeTanporpammupoBaHune

template <int... Args>
struct SummAllData
: public std::integral constant<int, (... + Args)> {};

int main() {

return SummAllData<l1l,4,3>();
}

DINS.,



LLlabnoHbl MeTanporpammupoBaHme

template <typename... Args>
struct AnyHaveBacon
: public std::integral constant<bool, (... || Args::bacon)> {};

struct Burger{static const bool hands = true;};

struct Sandwitch{static const bool hands = false;};

std: :string kosher () {
if (AnyHaveBacon<Burger, Sandwitch>::value) { return "nope”; }

else {return "“kosher”; }

}

DINS.,



Constexpr

template<typename... Args>
constexpr int haveBacon (Args... dish) {
return (dish.bacon || ... ),
}
struct Burger{static const bool bacon = true;};

struct Sandwitch{static const bool bacon = false;};

std: :string main() {

constexpr Burger burger;
constexpr Sandwitch sandwitch;
if (haveBacon (burger, sandwitch))
{return "nope”;}

else{return "kosher”;} }

DINS..



Constexpr

template<typename... Args>
constexpr int haveBacon (Args... dish) {
return (dish.bacon || ... ),

}

struct Burger{const bool bacon=true;};

struct Sandwitch{const bool bacon=false;};

std: :string main() {

constexpr Burger burger;
constexpr Sandwitch sandwitch;
if (haveBacon (burger, sandwitch))
{return "nope”;}

else{return "kosher”;} }

DINS..



Constexpr

template<typename... Args>

constexpr int haveBacon (Args... dish) {
return (dish.bacon || ... ),

}

struct Burger{const bool bacon=true;};

struct Sandwitch{const bool bacon;

constexpr Sandwitch (bool haveBacon) :bacon (haveBacon){};};

std: :string main () {

constexpr Burger burger;

constexpr Sandwitch sandwitch (true) ;
if (haveBacon (burger, sandwitch))
{return "nope”;}

else{return “kosher”;} } LJ|\4~)67



[apaHTUK

KoHCcTpyKTOp
Constexpr if

Consteval

DINS,,



KOHCTpYKTOP

struct Sandwitch{const bool bacon;

constexpr Sandwitch (bool haveBacon) :bacon (haveBacon){};};

constexpr Sandwitch sandwitch(true);

DINS.,



Constexpr if

if constexpr (haveBacon (burger, sandwitch))
{return "nope”;}

else {return "“kosher”;}

DINS,,



Consteval

template<typename ...Args>
consteval int haveBacon (Argsé&&... dish) {
return (dish.bacon && ... );

DINS.,



Constexpr unconstexprable

constexpr

non constexpr

constexpr

non constexpr




Pimp constexpr

non constexpr

constexpr

constexpr

non constexpr

DINS.,



[Tpnmep
struct DynamicData

DynamicData (int a,int b, int c¢):a (a),b_(b),c_(c){}
int a_,b_,c_;

};

struct StaticData

{
constexpr StaticData(int d,int e,int f):d (d),e (e),f (£f){};
int d_,e_ ,f ;

};

DINS,,



[Mpumep

struct Logiclass

{

constexpr Logiclass (
const StaticData& staticData,
DynamicData* pDynamicData) :
staticData (staticData),
pDynamicData (pDynamicData){};

StaticData staticData_;

DynamicData* pDynamicData ;

int aPlusd() const {return pDynamicData ->a_ + staticData .d_ ;};

constexpr int ePlusd() const {return staticData .e_+ staticData_.d_ ;}’

};

DINS..



[Tpumep
DynamicData dd{1,2,3};

int main(int a) {

dd.a =a;

constexpr StaticData sd{4,5,6};

//fully constexpr class, even if it can operate with dynamic data
constexpr Logiclass lc(sd, &dd) ;

int one = 1lc.aPlusd();

constexpr int two = lc.ePlusd();

return one + two;

}

DINS



Cnacub6o!

DINS



[TpMmep Koga npo KOTOPbLIN TOBOPUIIOCH B KOHLIE

https://godbolt.org/z/ T zAr

78


https://godbolt.org/z/_T_zAr

