AJoBasA CUHXPOHU3aLUA

Kak xoouTb Ha paHaeBy

B. KO. BUHHUK



ObLen3BeCcTHbIE NPUMUTUBLI CUHXPOHU3aL MK

Mutex, semaphore, critical section, condition variable, event.
3BecTHbI gaBHO: cemadpopbl npegnoxun 3. enkctpa B 1965 T.
Mopooepxunsatotes sagpom OC.

[loCTynHbI Yepes cTaHOapTHLIE U CTOPOHHME BUBNMOTEKN.

HekoTopble A3bIkn UMEIOT NoaLEePKKY Ha YPOBHE CUHTaKCUCa.
o Hanpumep, kntoueBoe crno.o lock B si3bike C#.
e Atomic variable — 3HaunTeNbHbLIN BbIUIPbILL B ObICTPOAENCTBUN
@) Ll,eHOI7I YCIOXHEHUA allflOPUTMOB U CTPYKTYpP OaHHbIX.
e JlocTaTtouHbl ANga peannsauum nodbiX CKOSb YrOAHO CIOXHbIX,

naparjiesribHbIX aJifOpnuTMOB.



[Mpon3BogHble cpeacTBa CUHXPOHU3aL MK

o |_|pI/IMI/ITI/IBbI CUHXPOHU3aUnn CJIIMWLKOM HN3KOYPOBHEBHI.

® rlpS:lMOG npuMeHeHune Ona KpyrnHblX NpUKNnagHbixX 3agad He Bcerga y,El,06HO.
o Kak u npoektupoBaHne 9BM n3 otgenbHbIX TPAH3UCTOPOB.

e YnobHee — cobupaTtb U3 NPUMUTUBOB KOHCTPYKLUK, MPUroaHbIe K

MHOIOKpPaTHOMY NCMOJIb30BaAHNIO OAJ1A4 LUMPOKUX KJ1aCCOB 3ada\.

o OdopmnaTe B BUAe bubnunoTex.
o  CnoXHOCTb BHYTPEHHEIO YCTPOMUCTBA CKPbITa 3@ NPOCTLIM MHTEPZENCOM.

e [lpnmep 1. odepenb orpaHNHEHHON EMKOCTU MeXay NoTokamy —
Npou3BoAUTENAMN U NOTPEDUTENSAMMN.

o [Ipumep 2: CTpyKTypa AaHHbLIX C MHOXECTBEHHbIM OOCTYMNOM Ha YTeHWne n
NCKITIOUNTENBbHBLIM OOCTYNOM Ha 3anuch (single writer, multiple readers).



HeckonbKo croB 0 A3blke Afa

e 3agava pa3paboTky HOBOro si3blka NocTaBrneHa B KoHue 1970-x rr.
e (OcHoBHOM 3aka34ynk — MuHucTepcTBo 060poHLI CLUA.
e HoBbLIN A3bIK 4OMKEH ObIN1 BOOpaTh B ceba BECb NyYLLMA OMbIT, HAKOMMNEHHbIN

YyesioBedecTBOM Onarogapst Apyrmm A3bikam.
o Fortran, PL/1, Algol, Pascal, Modula, Simula, C, ...

e K co3gaHuto A3blka Obinn npumBJsied4eHbl BeayLne MmposBble cneunasimcTbl.

e HA3blk Aga He cTan no-HacTosLLLEMY MaCCOBbIM.
O Huwa: cnoxHble BCTPOEHHbIE CUCTEMbI C BbICOKUMUA Tpe6OBaHVIF|MVI K HAOe>XHOCTW.

e B a3bike Aga Ha ypoBHE CMHTAKCUYECKUX KOHCTPYKLINI NOAAEPKMBAETCS
TWAaTenNbHO NPOAYMaHHbIA MeXaHU3M B3anMOAEeNCTBMS NOTOKOB (T. H. 3aaau).



3agauun, Bxoabl U paHaeBY B si3blke AJa Ha npumepe

task Server 1is
entry set arg(x : in integer);
entry get result(y : out
integer);

eénd sServer,;

procedure Client is
t : integer;

begin
Server.set arg(1l0);
long operation;

Put ("The server produced ");

Server.get result(t);
Put (t);
end Client;

task body Server is
arg, result : integer;
begin
accept set arg(x : 1in integer)
do
arg := x;
end set arg;

result := long computation (arg);

accept get result(y : out
integer)
do
y := result;
end get result;
end Server;




3agauun, Bxoabl U paHaeBY B si3blke AJa Ha npumepe

task Server is

NHTepdenc 3agaun

entry set arg(x

in integer) ;

entry get result(y : out

integer);

eénd server,

procedure Client is

t : integer;

begin

Server.set arg(1l0);

long operation;

Put ("The server produced ");
Server.get result(t);

Put (t) ;
end Client;

Mcnonb3oBaHne 3agayn

task body Server is

arg, result : integer;
begin
accept set arg(x in integer)
do
arg := X;

end set arg;

result := long computation (arg);

accept get result(y : out

integer)
do
y := result;

end get result;
end Server;

Peanunsauunsa sagayu




3agauun, Bxoabl U paHaeBY B si3blke AJa Ha npumepe

task Server is
entry set arg(x : in integer);
entry get result(y : out

integer);

end oervery {

procedure Client i
t : integer;

Bxoabl

begin

Server.set arg(1l0);
long operation;
Put ("The server produced ");
Server.get result(t);
Put (t) ;
end Client;

task body Server is
arg, result : integer;
begin
accept set arg(x : 1in integer)
do
arg := x;
end set arg;

result := long computation (arg);

accept get result(y : out
integer)
do
y := result;
end get result;
end Server;




3agauun, Bxoabl U paHaeBY B si3blke AJa Ha npumepe

Ob6bsaBNeHne cocTosaHUA W

task body Server is

[oCcTyn K COCTOSIHMIO

e

T

arg, result integer;

begin
accept set arg(x in integer)
do

arg := Xx;
§7¢£;d set arg;

7//result := long computation(arg);

accept get

y := result;
end get result;
end Server;




3apauun, Bxoabl U paHaeBY B sA3blke AJa Ha npumepe

procedure Client is
t : integer;

begin
Server.set a
long operation;
Put ("The server
Server.get result (t
Put (t) ;

end Client;

task body Server is

arg, result : integer;
begin
accept set arg(x : 1in integer)
do
arg := x;
j;7end set arg;
j;7result := long computation (arg);

accept get result(y : out
teger)
do
y := result;
end get result;
end Server;




[nutenbHO paboTatowunin cepBep 1 BbIDOP BXoaa

task body Server is

running : boolean;
arg, result : integer;
begin
running := true;
loop
select
accept set arg (x : in
integer)
do
arg := Xx;

end set arg;

oxr

accept stop
do
running := false;
end stop;
end select;

exit when not running;

result := long computation(arg);
accept get result(y : out integer)
do

y := result;

end get result;
end loop;

end Server;

=
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3agayn, Bxoabl U paHOeBY B s3bike Aga B oOLem Buae

[MapannenbHas 3agadva obnagaet uHmMepgelicoM N COCMOSTHUEM.
CoCTOsIHME CKPbITO OT BHELUHEro MUpa, UHKarcyiuposaHo.

NHTepdenc 3agadnm cocTounT n3 T. H. 8x0008 (entry).

Bxoabl MeroT umMeHa, CNoCOBHbI MpUHUMamb U 8038paliamses 3Ha4YeHUs.
Bxoabl UMeT AOCTYN K BHYTPEHHEMY COCTOSIHMIO 3a4auM.

Bxoabl NoOXxoxu Ha nognporpamMmmbl — npoueaypbl Unu yHKUMNn.
[lepeveHb BXOOOB C X cUrHatypamm — 4acTb mura 3agadmw.

Takum obpasom, 3agada nogobHa ob6vekmy B OOTN.

[Ana knneHTa oblieHne ¢ 3agaden BbIrmaanT Kak BbI30B METOJ0B O0beKTa.
3agada (NoTOK) — pa3HOBUAHOCTb OOBbEKTa C COCTOSIHUEM U noBeaeHneMm!
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3agayn, Bxoabl U paHOeBY B s3bike Aga B oOLem Buae

CUHXPOHHBLIM OOMEH BbI30BaMM-BO3BpaTaMn Mexagy ABYMS 3adavyamu
Ha3blBaeTcs paHoesy (p. rendez-vous — cBuagaHue).

3afaym Ha paHOeBY HAXOOATCA B HECUMMETPUYHBIX PONSAX: KINMEHT N cepBep.
YyacTku KnueHTa 1 cepBepa BHe paHaeBy paboTatoT 6e3 CUMHXPOHU3auun.
CepBep uHoz20a rotoB NpPUHATL 0OOpaLleHne K cBoemy 8xody (accept).
[OTOBHOCTbL NPUEMA MOXET OXBaTblBaTb HECKOJSIbLKO pa3HbIX BXOAOB (select).
KnneHT uHo20a xenaet obpatnTbCa K BXOAY 3adavyn-cepBepa.

3agava, npuweawas Ha paHaeBy NepBon, XOET NpUxoga BTOPOWN.

Korga obe 3agaym npuwinu Ha paHaeBy, BXoq cpabatbiBaeT CUHXPOHHO.

1o oKOHYaHUK paHAeBY 3a4a4yv NPOAOSHKAKT paboTy 6e3 CUHXpPOHM3aLUW.

12



ObLwan xapakTepucTmka paHaeBy

OOMeH JaHHbIMK MeXay NOTOKaMM MOXHO peanu3oBaTb Yepes obLLyHo
o6nacTb NamMATU C CUHXPOHU3aUMEN U OMOBELLEHNEM.

MoapobHOCTN NpeacTaBnenHns gaHHbIX BUAHbI 000MM NOTOKaM.

B 060u1x noTokax HY»XHO ABHOE ynpaBrieHne cemadopammn 1 OrnoBeLEHUSIMA,
JNlornka NoTokoB OTsArowleHa cpasy ABYMsi BUAaMuK AeTanen peanusaumn.
PaHOeBy — BbICOKOYPOBHEBbIN MexaHn3M obmeHa AaHHbIMMW.

Koa knueHTa coaep)XuT nNuilb obpalleHne K Bxoaam cepBepa.

Kon cepBepa oTBevaeT 3a 0OMeH JaHHbIMU C BHYTPEHHMM COCTOSIHUEM.
CnOXHOCTb CUHXPOHM3ALUKN, OXXNOAHUS U NPOoBYXOeHUsi MOTOKOB — CKpPbITA.
CnoXXHOCTb BHYTPEHHEro NpeacTaBneHnsa aHHbIX — CKpbITa.
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[Mognep)kka paHaeBy B pasnuMyHbIX A3blKax

B a3bike Aga paHgesy npucytcteytoT ¢ 1980 roaa.

3a npegenamun Agbl JaHHAA KOHLUEMUUS NPakTUYEeCKn HEN3BECTHaA.
Luis Mateu, Jose M. Piquer and Juan Leo, Universidad de Chile,
“‘Resurrecting Ada's Rendez-Vous in Java”, 1998.

HenonHeIn aHanor: java.util.concurrent.Exchanger.
o [lByHanpaBneHHbI KaHan obMeHa AaHHbIMM.

o B notok-cepBep 1 U3 Hero nepegaeTca TONbKO OANH OO6BbEKT OAHOrO 1 TOro XXe Tuna.
EcTb HeKoTopble 0buime YepTbl C aCUHXPOHHbIMK 3agadamm (C++ 11).

OtpaneHHoe cxoacTBo ¢ conporpammamm (C++ 20).

He ynanocb HanTtm peanunsauuto paHgeBy Ha C++ C OTKPbITbIM KOOOM.
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OcCHOBHbIe YepTbl peanu3auum paHaeBy Ha C++

e [lpunoxeHne co3naéTt oObEKT, OTBEYAIOLLNI 3a paHOEBY.
e ObObeKT-paHOeBY OTBEYAET 3a CUHXPOHU3ALMIO XKEeNMaHNA KNUEHTa U
FOTOBHOCTW cepBepa K B3auMOAeNCTBUIO.

e CepBep M KNMEHT Nony4aroT AOCTYMN K pa3HbIM acrnektam obbekTa-paHaeBy.

o Cepsep nony4daet nogobbEKT, peannayoLwmnm OTnpaBKy AaHHbIX.
o  KnueHT nony4aeT oObekT Ans npuémMa gaHHbIX.

e Knacc paHaoeBy — wabnoH, napaMeTpmn3oBaHHbIN UHTEPKENCOM ISrv.

e [loTOK-cepBep Yepes KaHan oTnpaBKM Nnosly4vyaeT (CCbINKy Ha) O0BLEKT,
peanuaywmn nHTepdenc ISrv, n obpallaeTca K ero yHKUNSIM-4ieHaMm.

e ObOBLEKT C peanusaunen ISrv NPeaoCcTaBnseTCs NOTOKOM-CEPBEPOM.

15



OCHOBHbIe NOHATNA DNONUOTEKU rendezvouscxX

BopoTa (gate). O6bekT, obecneumBarowmn paHaeBsy Mexay KnnmeHToM U
cepBepoM. K HeMy MOryT NOAKIHOYaTLCA KINMEHT U cepBep.

Knnentckun xetoH (client token). RAIll-o6bekT, Bo3BpalLlaeMbln MOTOKY-
KITMEHTY NpU NOLKMNOYEHUM K BOpOTaM.

[TOTOK-KNUEHT, 3anpocmBLLNIK NogKNYeHne, brokupyeTcs 4o NpudbITUS
noTOKa-cepBepa, 3ateM MnorlyvyaeT XXETOH.

[TOKa XeTOH He YHUYTOXEH, NOTOK-CEPBEP HE MOXET MNOKNUHYTb paHAEBY.
Harnuuyne xeToHa y KnneHTa o3Ha4yaeT roTOBHOCTb cepBepa K 0OLLEeHMI0.
YKeTOH coaepXnT CChISIKY Ha 0ObEKT, peanuayrLwmnm niTepgenc ISrv.

[TOTOK-KNMEHT Yepes XKETOH BbI3biBAET PYHKUMN ISrv.

16



OCHOBHbIe NOHATNA DNONUOTEKU rendezvouscxX

e [loTOK-cepBep 3adaBMSIET O FOTOBHOCTM K OOLLEHNIO, NOAKITOYAsACb K BOPOTaM.

e [lnA noaknioyeHns K BOpoTam NOTOK-CepBep NpeoCTaBsAET (CChISKY Ha)
0OBbEKT, peanuayroLmnm nHTepdenc ISrv.

e [loTOK-CcepBep, 3anpOCMBLLNI NOAKITHOYEHME K BOPOTaM, Brioknpyetca oo
npuxoga v nocriegyouwero yxoaa KnueHra.

e CepBepy aHarsor XXeToHa He HYy>XeH. [leCTpyKUMEN XKETOHA KITMEHT yrnpasndeT
OKOHYaHueM paHaeBy. CepBep Ha paHOEBY OCTAETCH, MOKa HYXEH KITNEHTY.

e KnuneHtckne Boporta (client gate). Acnekt oObekTa gate, cogepxawmn TonNbLKO
dOYHKLUMIO NOOKITHOYEHNS NMOTOKA-KINEHTa.

e CepsepHble BopoTa. AcnekT obbekTa gate onsa notoka-cepsepa.

17



[Mpumep

e [loTok-cepBep ymeeT no gaHHoMy URL BbINOSTHUTL 3anpoc 1 BEPHYTb OTBET.

e [loTOK-KNMEHT ans ceBoen paboTbl MHorga Hyxaaetcsa B HT TP-3anpocax.

e [lOTOK-KINMMEHT Nopy4aeT 3anpoc NOTOKYy-cepBepy, NPoaomKaeT CBOK paboTy u
CNyCTH HEKOTOPOE BPeEMS BO3BpaLLaETCs K MOTOKYy-CepBepy 3a OTBETOM.

[ I'Iooqepé/J,Ho MPONCXOoOAT ABa TUNa paHOeBY.
o CoobwunTtb notoky-cepsepy URL n nunuymmposathb 3anpoc;
o [lonyynTb OTBET Ha 3anpoc.

e [1oNONHUTENBHO MOTOK-KIUEHT MOXET COOBLLNTL NOTOKY-CEPBEPY, YTOObLI TOT
npekpaTun paodory.

18



NHTepdencol B3anmMoaencTems

class 1 http request : public rendezvouscxx::1 server
public:
virtual void set url(std::string consté&) = 0;
virtual void stop() = 0;
I
class 1 http response : public rendezvouscxx::1 server {
public:
virtual int status () const = 0;
virtual std::string text () const = 0;

b
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NHnumanmsaumsa BopoT 1 3anyck NOTOKOB

gate t<i http request> request gate;
gate t<i http response> response gate;

std::thread client thread ({
client fn,
request gate.client (),

response gate.client() };

std::thread server thread {
server fn,
request gate.server(),
response gate.server () };



KnmeHTCKnn noTok

void client fn(
gate t<i http request>::client t request gate,

gate t<i http response>::client t response gate)

auto request token = request gate.connect();
request token->server () .request ("http://data.source
}
other long operations();
{
auto response token = response gate.connect();
std::cout << response token->server () .text();

.srv/page") ;

21



KnMeHTCKUM noTok

auto request token = request gate.connect();

request token->server () .request ("http://data.source.srv/page");

22



KnMeHTCKUM noTok

e KnueHTCKMI NOTOK BriokMpyeTca OO Npuxoda cepBepa Ha paHaesy.
e [loTOK-cepBep BGnokmpyeTcs.
e  KnuneHT nony4vaer XeTOH.

auto request token = request gate.connect();

request token->server () .request ("http://data.source.srv/page");

23



KnMeHTCKUM noTok

auto request token = request gate.connect();

request token->server () .request ("http://data.source.srv/page");

e Yepes XETOH KNUEHT BbI3bIBAET METOAbI OObEeKTa-cepBepa.
e OObekT-cepBep UMEET OOCTYN K COCTOSIHMIO NOTOKa-cepaepa.

24



KnMeHTCKUM noTok

auto request token = request gate.connect();

request token->server () .request ("http://data.source.srv/page");

e [lecTpyKumMS XETOHA 3aKaHYMBaET paHOEBY.
e [loToK-cepBep pa3brokMpyeTcsa U NpoaosKaeT CBo paboTy.

25



[1loTOK-cepBep

void server fn(
gate t<i http request>::server t request gate,
gate t<i http response>::server t response gate)

class http request impl t : public i http request { /* . . . */ };
class http response impl t : public i http response { /* . . . */ };
while (true) {

http request impl t http request impl;

request gate.connect (http request impl);

if (!'http request impl.is running()) break;

auto const result = http lib::get (http request impl.url());

http response impl t http response impl (result.code, result.text);

response gate.connect (http response impl);
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[1loTOK-cepBep

void server fn(
gate t<i http request>::server t request gate,
gate t<i http response>::server t response gate)

class http request impl t : public i http request { /* . . . */ };
class http response impl t : public i http response { /* . . . */ };
while (true) {

http request impl t http request impl;

request gate.connect (http request impl);

if (!http request impl.is running() ) break;

auto const result = http lib::get( http request impl.url() );

http response impl t http response impl (result.code, result.text);

response gate.connect (http response impl);
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[1loTOK-cepBep

void server fn(
gate t<i http request>::

e CoaepXnT coCcTosiHME NOTOKa-cepBepa.
e [lpenocraBnser uHTepgenc onga ynpasneHnUss COCTOSAHMUEM.

gate t<i http response>:\

ic i1 http request { /* . . . */ };
t : public i http response { /* . . . */ };

class http request im
class http respo
while (true

http request impl t http request impl;

request gate.connect (http request impl);

if (!http request impl.is running() ) break;

auto const result = http lib::get( http request impl.url() );

http response impl t http response impl (result.code, result.text);



[1loTOK-cepBep

void server fn(
gate t<i http request>::
gate t<i http response>:\

e [loToKk-cepBep GrokMpyeTcs, noka KNMEHT He NOKUHET paHOEeBY.
e KnueHT BbI3bIBaeT PyHKUMM 0ObeKTa http request impl.

1 http request { /* . . . */ };

class http request impl
' public i http response { /* . . . */ };

class http response
while (true) {
http reque pl t http request impl;
request~“gate.connect (http request impl);
if (!http request impl.is running() ) break;
auto const result = http lib::get( http request impl.url() );
http response impl t http response impl (result.code, result.text);
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[1loTOK-cepBep

void server fn(
gate t<i http request>::

e [loTok-cepBep BO30OHOBMSET CBOO paboTy.
e BuaHbl N3MEHEHNA B COCTOSIHUN, CAEMNAHHbIE KITMEHTOM.

gate t<i http response>:\

“http request { /* . . . */ };
lic i _http response { /* . . . */ };

class http request impl t
class http response i
while (true) {

http request ~t http request impl;

request .connect (http request impl);

if (!'http request impl.is running() ) break;

auto const result = http lib::get( http request impl.url() );

http response impl t http response impl (result.code, result.text);



[1loTOK-cepBep

void server fn(
gate t<i http request>::

e Cdopmnpoatb 06BHEKT C COCTOAHMEM A1 BTOPOrO paHaEeBY.
e Ero coctosiHne HEM3MEHAEMO: KITUEHT TOSbKO YMTAET AaHHbIE.

gate t<i http response>:\

tp request { /* . . . */ };
C i http response { /* . . . */ };

class http request impl t

class http response impl

while (true) {
http request imp
request gate.

_request impl;

(http request impl);

if (!http st impl.is running() ) break;

auto con result = http lib::get( http request impl.url() );

http résponse impl t http response impl (result.code, result.text);
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[1loTOK-cepBep

void server fn( e [lpegocTaBuTb KNMMEHTY BO3MOXHOCTb NPOYUTATb AAHHbIE.

gate t<i_http request>:: e [lpMOCTAHOBUTbL MOTOK, MOKA KMNEHT HE 3aKOHYWT.
gate t<i http response>:ivcceves—s o

class http request impl t : <tp request { /* . . . */ };
class http response impl * < 1 http response { /* . . . */ };
while (true) {

http request impl ~Tequest impl;

request gate.cop (ttp request impl);

if (!http reo < impl.is running() ) break;

auto const -~ _sult = http lib::get( http request impl.url() );
http resgZonse impl t http response impl (result.code, result.text);
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XpaHuTenb COCTOAHMUA paHOEeBY

class http request impl t : public 1 http request {
public:
vold request (std::string consté& url) override { m url = url; }

void stop() override { m is running = false; }

std::string url() const { return m url; }

bool m is running() const { return is running; }

private:
std::string m url;
bool m is running = true;

b



XpaHuTenb COCTOAHMUA paHOEeBY

class http request impl t : public 1 http request {
public:
vold request (std::string consté& url) override { m url = url; }

void stop() override { m is running = false; }

std::string url() const { return m url; }

bool m is running() const { return is running; }

private:
std::string m url;
bool m is running = true;
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XpaHuTenb COCTOAHMUA paHOEeBY

class http request impl t : public 1 http request {
public:
vold request (std::string consté& url) override { m url = url; }

void stop() override { m is running = false; }

std::string url() const { return m url; }

bool m is running() const { return is running; }

private:
std::string m url;

bool m is running = true;

b
[laHHble coCcTOAHMA




XpaHuTenb COCTOAHMUA paHOEeBY

class http request impl t : public 1 http request {
public:
vold request (std::string consté& url) override { m url = url; }

void stop() override { m is running = false; }

std::string url nst { return m url; }

bool m is running /() return 1s running;

}

private:
std::string m url;

bool m is running = true;

} i
NHTepdenc ona knneHTa




XpaHuTenb COCTOAHMUA paHOEeBY

class http request impl t : public 1 http request {

public:
vold request (std::string consté& url) override { m url = url; }
void stop() override { m is running = false; }
std::string url() const { return m url; }
bool m is running() const { return is running; }
private:

std::string m url;

bool m is running = true;

} i
NHTepdenc ana notoka-cepsepa




YCTPONCTBO BOPOT: COCTOAHME

std::mutex m mx client; // KJIMEHT NBITAETCs NOOKJIOUMTECH
std::mutex m mx server; // cepBep MNEITA€TCA NOOKJIOUUTECH
std::mutex m mx common; // B3auMMOCBA3b KJIMEHTa U CepBepa

std::condition variable m cv client chaned;
std::condition variable m cv server chaned;
std::condition variable m cv disconnected;

bool m 1s client connected;
ISrv*™ m server;
bool m_is_mutual_connection;



YCTPONCTBO BOPOT: NOAKIOYEHNE KITMEHTA

std::unique ptr<client token t> connect client () {
std::unique lock client lock(m mx client);
std::unique lock common lock(m mx common);
m is client connected = true;
m cv_client chaned.notify all();
m cv_server chaned.wait(
common_ lock,
[this] () { return m server != nullptr; });
m is mutual connection = true;
static cast<i server*>(m server)->on client connected();
return std::make unique<client token t>(
*this, std::move(client lock));



YCTPONCTBO BOPOT: NOAKIOYEHNE KITMEHTA

std::unique ptr<client token t> connect client () {

std::unique lock client lock(m mx client);
std::unique lock common 1
m is client connected = t
m cv_client chaned.notify
m cv_server chaned.wait(

common_ lock,

[this] () { return m s
m is mutual connectio

ToNbKO OAWNH KITMEHT MOXET BOUTU B AaHHOE paHOeBy

Ll,pyrme KIMMMEeHTbI XAOYT, NOoKa XEeTOH Yy 3TOro KrineHta

Static_cast<i m_ CLvVeL ) OUIl_CIITIIC COUIIICCCted (]
return std::make unique<client token t>(
*this, std::move(client lock));
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YCTPONCTBO BOPOT: NOAKIOYEHNE KITMEHTA

std::unique ptr<client token t> connect client () {
std::unique lock client lock(m mx client);
std::unique lock common lock(m mx common);

m is client connected = true;

m cv_client chaned.notify all();

m cv_server cha
common_ lock,
[this] () { return

m is mutual connection = t

static cast<i server*>(m serve

'= nullptr; });

nt connected ()

return std::make unique<c

*this, std::move(clie Ecnu cepBep yXe npuwén Ha paHOeBY, ONOBECTUTb
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YCTPONCTBO BOPOT: NOAKIOYEHNE KITMEHTA

std::unique ptr<client token

std::unique lock client 1 YBeanTtbea, 4TO cepeep NpULIEN Ha paHaeBy

std::unique lock common 10
m is client connected
m cv_client chaned.
m cv_server chamed.wait(
common_ lock,
[this] () { return m server != nullptr; });
m is mutual connection = true;
static cast<i server*>(m server)->on client connected();
return std::make unique<client token t>(
*this, std::move(client lock));

all();



YCTpPONCTBO BOPOT: NOAKNOYEHNE cepBepa

bool connect server (ISrvé& server) {
std::unique lock lock(m mx server);
std::unique lock common lock(m mx common);
m cv _client chaned.wait(
common lock, [this] () { return m is client connected;
m server = &sServer;
m cv_server chaned.notify all();
m cv_client chaned.wait(
common lock, [this] () { return !m 1s client connected;
m is mutual connection = false;
m cv_disconnected.notify all();

});

b)) ;
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YCTpPONCTBO BOPOT: NOAKNOYEHNE cepBepa

bool connect server (ISrvé& server) {
std::unique lock lock(m mx server);
std::unique lock common

m cv _client chaned.wait(
common lock, [this] () {| TonbKo oauH cepBep MOXET BOMTU B JaHHOE paHaeBy

m server = &sServer;

m cv_server chaned.notify all();
m cv_client chaned.wait(
common lock, [this] () { return !m is client connected; });
m is mutual connection = false;
m cv_disconnected.notify all();



YCTpPONCTBO BOPOT: NOAKNOYEHNE cepBepa

bool connect server (ISrvé& server) {
std::unique lock lock(m mx server);
std::unique lock common lock(m mx common);
m cv _client chaned.wait(
common lock, [this] ()
m server = &sServer;

{ return m is client connected; });

m cv_ server chaned.notify
m cv_client chaned.wait(
common lock, [this] () {

Y0eanTbCs, YTO KNUEHT NPULLEN Ha paHaeBy

m is mutual connection = false;
m cv_disconnected.notify all();
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YCTpPONCTBO BOPOT: NOAKNOYEHNE cepBepa

bool connect server (ISrvé& server) {

std::unique lock lock(m m
std::unique lock common 1

N3BeCTUTL KNUEHTaA O CBOEM Mpuxoae

m cv _client chaned.wait(

common lock, [this] n m is client connected;
m server = &server;
m cv_ server chaned.notify all();
m cv_client chaned.wait(

common lock, [this] () { return !m 1s client connected;
m is mutual connection = false;

m cv_disconnected.notify all();

});

b)) ;
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YCTpPONCTBO BOPOT: NOAKNOYEHNE cepBepa

bool connect server (ISrvé& server) {

std::unique lock lock(m m
std::unique lock common 1

[loxxpaTtbes yXoda KimmeHTa

m cv _client chaned.wait(

{

r S client connected;

common lock, [this] ()

m server = &sServer;
m cv_server chaned,.
m cv_client chanéd.wait (

common lock, [this] () { return !m 1s client connected;

y all();

m is mutual connection = false;
m cv_disconnected.notify all();

});

});
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YCTpPONCTBO BOPOT: NOAKNOYEHNE cepBepa

bool connect server (ISrvé& server) {
std::unique lock lock(m ms
std::unique lock common 1¢ MoaTeepauTL CBOV yXxO[
m cv _client chaned.wait(
common lock, [this] () { retf _s client connected;
m server = &sServer;
m cv_server chaned.not”~ _aT1();
m cv_client chaned -~ «T/(
common lock, Fcriis] () { return !m 1s client connected;

});

b)) ;
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YCTPOUCTBO BOPOT: OTKIIHOYEHNE KITMEHTA

void on client disconnecting()

{

std::unique lock lock(m mx common) ;
m server->on client disconnecting();
m is client connected = false;
m server = nullptr;
m cv_client chaned.notify all();
m cv_disconnected.wailt (

lock,

Bbi3biBaeTcs B 4€CTPYKTOpPE
KNMMEHTCKOro XXeToHa

[this] () { return !m i1s mutual connection; });

49



[lononHutenbHaa PyHKUMOHaNbHOCTb

BopoTta MOXXHO 3akpbIThb, OTKNIOYNB BO3MOXXHOCTb JAHHOIO paHAEeBYy.

K 3aKkpbITbiM BOPOTaM He MOXET MOAKMNIYNTLCSA HU KIMUEHT, HU CepBep.
[MonbiTKa NOAKNIYEHUS K 3aKPbITbIM BOPOTaM 3aBepLLAeTCA cpaay.
KnvueHT npm 3TOM nony4aeT nul lptr BMECTO XETOHa.

CepBep nonyyaeT false, €CNv BOPOTa 3aKPbIThI.

Hu KnneHT, HU cepBep cammn He MOTyT 3aKpbiTb BOpOTa.

OTO MOXeT caenatb TOT Ko, KOTOPbIV Braaeet o6bekTom gate.

Ewe ogHo nonesHoe pacwunpeHne — orpaHn4eHHoe BpeMSA OXXUOaHUA.

o B penosuntopuin ewé He gpobasneHo.
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3aKkn4ynTenbHble 3aMevYaHuns

e PeanunsoBaHHbIW B Nnpegnaraemon 6ubnmoteke MexaHn3m oTrin4yaeTcs oT
paHOeBy U3 A3blka Ala B B HECKOIbKUX AeTansix.

e Ha Ane paHaeBy Bcerga BKNKOYAET BbI3OB KITMEHTOM POBHO OAHOMO BXoda Ha
CTOPOHE cepBepa.

e B 6ubnmnorteke rendezvouscxx KIMMEHT MOXET BbI3blBaTb METObI CEpPBEPA B
nobom KonnyecTee n nopsiake, noka obnagaeT XXETOHOM.

e CuHTaKkcmnyeckoe HeyaobCTBO: HYXKHO OOBbABNATL OTAENBbHYIO NEPEMEHHYIO
ONs XXEeTOHa N OKpyXaTb €€ obrnactb BUAMMOCTU PUTrYPHbIMU CKOBKaMW.

e OnepaTtop select B Age no3BonsgeT koMbMHMUpoBaTh NobbIe BXOAbl cepBepa.

e B rendezvouscxx BCe BXoAbl AOMKHbI ObITb METOOAMM OQHOIO Kacca.
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2]

ol

52

https://github.com/vadimvinnik/rendezvouscxx



return thanks;
! // the talk



