Kvnbe koMmhopT-KNnacca
ANA aKTOPOB U XeHANepoB
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ACHXPOHHaA pa3padoTKa:
* std::async
* ASIO

UYT0 3p4€echb Nnoxoro?



ACHXPOHHaA pa3padoTKa:
* std::async
* ASIO

UYT0 3p4€echb Nnoxoro?

Thread pool
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YTO Takoe xopowo..., <
* Ha kKaxxgoe AAp0 — POBHO OAUH NOTOK
* [lOTOKM cTaTuuyeckue: co3paroTcd nNpu crtapre
nporpaMmMbl, YHUUTOXAIOTCA NpPU ee
OCTAaHOBKeE

* [lOoTOK NnpubuBaeTcs reo3aemM K cBoemy saapy

* Bce AgaHHbIe — NoKaJiIbHbIe AJ1A NOTOKAa



... W4YTO Takoe NAoxo -
 PasgensemMmble gaHHble

* [lepeknroyeHne KOHTEeKCTa NOTOKOB

* Co3paHue noToka Ha nety, noa
KpaTKoBpeMeHHYI0 3aaavy

* CHUHXpOHU3aLuus



Thread pool > , <

* [Pool] Paspgensemble gaHHble
* [Pool] MepekntoyeHne KOHTEKCTa NOTOKOB

* Co3paHue noToka Ha nety, noa
KpaTKoBpeMeHHYI0 3aaavy

* [Pool] CnHxpoHusauusa



[leBesionMeHT = ,

Mporpamma = COBOKYNHOCTb KOMMNOHEHTOB
(MuKpocepBncoB, aKTOpPOB)

KOMMNOHEHT:
- CTaTUYECKUUN: BPEMS XXU3HU = BPEMEHN
XXNU3HU NporpamMmmbl

- He Ha40 3a00TUTBLCA O «<XKNBOCTU»
- 0AHONOTO4YHbIN: API BbI3biBaeTcAaA B O4HOM U
TOM XXe NOoTOKe

- HeT CUHXPOHU3aUnn
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* AnapTmeHT = notoK + MPSC queue
*HUncno anapTtMeHTOB = yncny agep
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Kaxabii KOMNoHeHT — single threaded
OOLleHne mexay KomnoHeHTamm — async call
KOMMNOHEHTbI He 3HAIOT O pacnosiIoXXeHun apyr apyra



Apartment APl > .

class apartment

public:
// BbI30B (YHKUMM B AAHHOM anapTMeHTe
// sizeof(ArgN) <= sizeof(uintptr_t)
void call( void(*func)());

template <typename Arg>
void call( void(*func) (Arg), Arg arg );

template <typename Argl, typename Arg2>
void call( void(*func) (Argl, Arg2), Argl argl, Arg2 arg2 );

template <typename Argl, typename Arg2, typename Arg3>
void call( void(*func) (Argl, Arg2, Arg3),
Argl argl, Arg2 arg2, Arg3 arg3 );

// BbI30B C OONbWMM YNC/IOM aprymMeHTOB
template_<typename Arg > _
void call( void(*func) (am::unique_ptr<Arg>), am::unique_ptr<Arg> args );



Apartment queue.

class apartment

{
private:
struct queue_record {
union {

void(*func0) () ;

void(*funcl) (uintptr_t);

void(*func2) (uintptr_t, uintptr_t);
, void(*func3) (uintptr_t, uintptr_t, uintptr_t);
dnsigned arg_count;
, uintptr_t argl, arg2, arg3;
mﬁsc_queue<queue_record, 4096> queue_;

}s;



Component APl example

class Component {

public:
static void populate( apartment®* ap ) { apartment_ = ap; }
static apartment®* get_apartment() { return apartment_; }

// BE€3YCNOBHO ACWHXPOHHbIA BbI3OB
static void actionl() _
{ apartment_->call( do_actionl ); }

// YCNOBHO aCWHXPOHHbIA BbI3OB
static void action2( unsigned arg )

if ( current_apartment() != apartment_ )
apartment_->call( action2, arg );
else {

// Haxoaumcsa B CBOEM anapTMeHTe
// henaeMm 4YTO JOJIKHO

}

private:

static void do_actionl() { /* . . . */ }
private:

static apartment®* apartment_;
};



No getters!
Bce metoabl APl KOMNOHEHTA He UMeloT

BO3BpaLllaeMbIX 3HaA4YEeHUN!
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APl KOMNOHEHTA — 3TO BbI3OB A€NCTBUN

KomMnoHeHT 1

»  std:future
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KOMMNOHEHT 2




JInneapunsauyus std::future

Ccomponentl::action([](am: :unique_ptr<future> args)
{
// HaxoauMcCcsa B anapTMeHTe KOMMOHeHTa 1
// 3anonHaem nonsa args
args->field = ..

// nepepaem BbI30B B anapMeHT KOMMOHEeHTa 2
Component?2::action2( std::move( args ));



HapaluiuBaem cepBuchbl’
Heo6xoanmo:

« CeTeBO€ B3anmogencreume
* MNaHUPOBLUNK — BbINO/IHEHNE

nepnoanyecknx oeucTBun U AenNcTBmMi No
pacnmncaHuio



Root apartment =,

int epoll wait(
int epfd,
struct epoll event
*events,
int maxevents,
int timeout

) ;
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Connection monitor APl

struct connection monitor::descriptor ({

typedef void (* handler ) ( connection monitor* mon, descriptor* desc,
int flags

) ;

int £fd = -1; // socket

// uero xmem - dnarm epoll: EPOLLIN, EPOLLOUT, EPOLLONESHOT, EPOLLET
unsigned mode = 0;

// UenemBoit apartment, B KOTOPOM BHSBHBATE QYHKUIMM-OBpPaBOTUMKMU
apartment* target apartment = nullptr;

// Ob6sisaTenbHlM O06paboTUuMK I'OTOBHOCTM COKeTa.
handler on _data ready = nullptr;

// ObsizaTenebHIlI 06paboTuMk OUMOOK .
handler on_error = nullptr;

// BhlBBBaeTcst npu cobrrusix EPOLLHUP mnm EPOLLRDHUP - 3BakpeTHMs COKeTa
handler on_socket closed = nullptr;



Connection monitor APl

class connection monitor {
public:
// Do6aBmnsier meckpunrTop \p desc B MOHMTOP
// @warning ®éyHkumst He konupyeT \p desc,
// a XpaHuT ykasaTeNs Ha NEepPefaHHHN apT'yMeHT
bool add( descriptoré& desc);

// Ymansier peckpunTop desc M3 CHOMCKA MOHMUTOPUPYEMEIX
bool remove( descriptor& desc ) ;

// BpeMeHHO mpekxpalaeT MOHUMTOPMHI' OeCKpuITopa
bool suspend( descriptor& desc );

// BOBOBGHOBISIET MOHMTOPMHI' AeCKpuUITOPa
bool resume( descriptoré& desc );



Scheduler API > , &

class scheduler {
public:
// Banyck oéyukumm func uepes timeout B anapTMeHTe ap
task id t schedule( apartment& ap, timeout t timeout, void (* func) ());

// permcTpaumsi nepmommMueckom sagaum func, BHIIOJNHSIOWENCS B anapTMEeHTe ap
task id t schedule periodic( apartmenté& ap, timeout t start timeout,
timeout t period, wvoid (* func) ());

// OTseE Bajmaum
void revoke( task id t task _id );



Apartment allocator ,

TpeboBaHus:
* Thread-local
* /I30exaTtb hparmeHTaumn
* free( ptr ): HY)KHO OLICTPO NOHATb, KAKUM
anapTMeHToOM asliounpoBaH ptr
* BbiaeneHHbIN 610K NaMATU He A0/HKEH UMETb
NpegoUKCcoB / ynpaBaloLWnUX CTPYKTYP

PeweHue: ctpaHnuHbiU single-threaded
cyoasnsiokaTtop



Apartment allocator ,
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‘1 A: ptr = aplalloc( 64 )
’/2\‘\ A: B.invoke( foo, ptr );

3 B: foo( ptr) { ...
4 B: apl.free( ptr); }



Apartment allocator
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. A: ptr = apl.alloc( 64 )
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2 A: B.invoke( foo, ptr );
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- B: foo(ptr){...

» MsgQ

- B: ap2.free( ptr); } - oops!!!



Apartment allocator ,

. A: ptr = apl.alloc( 64 )

" A: B.invoke( foo, ptr);

- B: foo(ptr){...

-
»
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/ Apartment 2

B
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- B: ap2.free( ptr); }

' ap2 allocator: apl.invoke( free, ptr)

" apl: apl.free( ptr)



Apartment allocator ,

Size classes

64 byte > Page list
|
I [
128 byte —p> _
Page list
|
A
64Kbyte —>>

Page list

free(ptr) | x| x| x ~[x]o]o 0

2120 0

- 7
~—

page address

page size = 2M, 2M-aligned

struct page header ({

uintptr t magic; // magic word
size class_desc* psc; // size class
// anapTMeHT-BIagesiel, CTPAaHMULIE
apartment* owner;

// 1-11 cBOBOZHINI 6JIOK CTPaHMIIE
void* first free block;

// cBase B cnuckm nnst size class
page header* next;

//... npoume naHHBE



‘Dynamic memory debugging

Page header /
Block —\
Block
Block \
. Data area struct blocktail guard {
// ckombko 6anT
. Red zone 0xFD // Banpammeanoce alloc ()
Blocktail guard uint32 t real size;
Block // magic word
Unused uint32 t guard;

};

alloc(N) -> alloc( N + sizeof(red_zone) + sizeof(blocktail_guard))
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